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Quad Monolithic SPST CMOS Analog Switch ................ 
Dual SPST TTL Compatible CMOS Analog Switch ............ 
SPDT TTL Compatible CMOS Analog Switch ................ 
Dual DPST TTL Compatible CMOS Analog Switch........... 
Dual SPDT TTL Compatible CMOS Analog Switch ............ 
Quad Monolithic SPST CMOS Analog Switch ................ 
Quad Monolithic SPST CMOS Analog Switch ................ 
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ANALOG SWITCHES (Continued) : : PAGE 
HI-200 Dual SPST CMOS Analog Switch eee ee ee ee eee renee 7-36 
HI-201 Quad SPST CMOS Analog Switch ................. 00.0008 7-42 
HI-201HS ‘High-Speed Quad SPST CMOS Analog Switch .............. 7-48 
HI-222 High Frequency Video Switch ......... 0... 0.0.0 ee 7-57 
HI-300 Dual SPST CMOS Analog Switch......................05. 7-65 
HI-301 SPDT CMOS Analog Switch ........... 0.0... cc eee eee 7-65 
HI-302 Dual DPST CMOS Analog Switch ......................... 7-65 
HI-303 Dual SPDT CMOS Analog Switch ......................005 7-65 
HI-304 Dual SPST CMOS Analog Switch ......................... 7-65 
HI-305 SPDT CMOS Analog Switch ............... 0... eee eee 7-65 
HI-306 Dual DPST CMOS Analog Switch .......................0.. 7-65 
HI-307 Dual SPDT CMOS Analog Switch .....................005. 7-65 
HI-381 Dual SPST CMOS Analog Switch ......................... 7-70 
HI-384 Dual DPST CMOS Analog Switch ......................05. 7-70 
HI-387 SPDT CMOS Analog Switch ............. 0.0.0... cee eee 7-70 
HI-390 Dual SPDT CMOS Analog Switch ......................4.. 7-70 
HI-5040 SPST CMOS Analog Switch ............. 0... cece eee 7-76 
HI-5041 Dual SPST CMOS Analog Switch ......................... 7-76 
HI-5042 SPDT CMOS Analog Switch ........... ana ace SLAs, eae 7-76 
HI-5043 Dual SPDT CMOS Analog Switch ......................... 7-76 
HI-5044 DPST CMOS Analog Switch ............... 0.0... cece eee 7-76 
H1-5045 Dual DPST CMOS Analog Switch .....................005. 7-76 
HI-5046 DPDT CMOS Analog Switch ............ 20... 0... eee eee 7-76 
HI-5046A DPDT CMOS Analog Switch ........... 0.0... 00. cece ees 7-76 
H1-5047 4PST CMOS Analog Switch ........... 0.0... ccc cc eee 7-76 
HI-5047A 4PST CMOS Analog Switch ........... 0.0.0.0... cee ee 7-76 
HI-5048 Dual SPST CMOS Analog Switch ......................... 7-76 
HI-5049 Dual DPST CMOS Analog Switch ......................... 7-76 
HI-5050 SPDT CMOS Analog Switch ................ 0.0... ..00 cee 7-76 
HI-5051 Dual SPDT CMOS Analog Switch ......................0.. 7-76 
IH401A Quad Varafet Analog Switch ........... 0.0.0.0... cece eee 7-87 
IH5009 Quad 100 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5010 Quad 150 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5011 Quad 100 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5012 Quad 150 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5014 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5016 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92 
IH5017 Dual 100 Ohm Virtual Ground Analog Switch ................ 7-92 
IH5018 Dual 150 Ohm Virtual Ground Analog Switch ................ 7-92 
IH5019 Dual 100 Ohm Virtual Ground Analog Switch ................ — 7-92 
IH5020 Dual 150 Ohm Virtual Ground Analog Switch ................ 7-92 
IH5022 Single 150 Ohm Virtual Ground Analog Switch ............... 7-92 


Product Index by Family (continuea 
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Product Index by Family (continued) 


ANALOG SWITCHES ( continued) PAGE 
IH5024 Single 150 Ohm Virtual Ground Analog Switch ............... 7-92 
1H5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch ......... 7-99 
IH5052 Quad SPST CMOS Analog Switch .....................008. 7-108 
IH5053 Quad SPST CMOS Analog Switch ............ 0... 0 eee eee 7-108 
1H5140 SPST High-Level CMOS Analog Switch ..................... 7-114 
1H5141 Dual SPST High-Level CMOS Analog Switch ................ 7-114 
1H5142 SPDT High-Level CMOS Analog Switch ..................... 7-114 
1H5143 Dual SPDT High-Level CMOS Analog Switch ................ 7-114 
IH5144 DPST High-Level CMOS Analog Switch .................... 7-114 
IH5145 Dual DPST. High-Level CMOS Analog Switch ................ 7-114 
IH5151 Dual SPDT High-Level CMOS Analog Switch ................ 7-125 
IH5341 Dual SPST CMOS RF/Video Switch ....................... 
IH5352 Quad SPST CMOS RF/Video Switch ....................04. 
IH6201 Dual CMOS Driver/Voltage Translator 
MULTIPLEXER 
DG506A 16-Channel CMOS Analog Multiplexer. ....... 0.0... cece eee eee 8-3 
DG507A Dual 8-Channel CMOS Analog Multiplexer ...........----- 06+ we 88 
DG508A 8-Channel CMOS Analog Multiplexer ...... 0.0... 0002 cee eee eee 8-13 
DG509A Dual 4-Channel CMOS Analog Multiplexer ...............0 0 cee 8-13 
DG526 16-Channel CMOS Latchable Multiplexer ...................... 8-21 
DG527 Dual 8-Channel CMOS Latchable Multiplexer...............005- 8-21 
DG528 8-Channel Latchable Multiplexer ...... 0.0... 0.0 cc eee eee eee 8-31 
DG529 Dual 4-Channel Latchable Multiplexer .......... 0.020. c eee eens 8-31 
HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel | 

CMOS Analog Multiplexers ............ 0... eee eee ee ee 8-40 
HI-506 Single 16-Channel CMOS Analog Multiplexer................05. 8-46 
HI-507 Differential 8-Channel CMOS Analog Multiplexer................ 8-46 
HI-506A Single 16-Channel CMOS Analog | 

Multiplexer with Active Overvoltage Protection ............... 8-52 
HI-507A Differential 8-Channel CMOS Analog 

Multiplexer with Active Overvoltage Protection ............... 8-52 
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Product Index by Family (continued 


MULTIPLEXERS (Continued) PAGE 
HI-508 ° Single 8-Channel CMOS Analog Multiplexer.................... 8-58 
HI-509 Differential 4-Channel CMOS Analog Multiplexer................ 8-58 
_ HI-508A _ Single 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection .................0.0000 ee 8-65 
: HI-509A - Differential 4-Channel CMOS Analog Multiplexer 
- with Active Overvoltage Protection ......................--. 8-65 
HI-516 Programmable 16-Channel/Differential 8-Channel CMOS 
High-Speed: Analog Multiplexer ........................085 8-71 
HI-518 Programmable 8-Channel/Differential 4-Channel CMOS 
High-Speed Analog Mulitplexer ......................-005. 8-76 
HI-524 4-Channel Wideband and Video Multiplexer ................. 8-81 
HI-539 ‘Monolithic, 4-Channel, Low Level, Differential Multiplexer ...... 8-86 
HI-546 _ Single 16-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection ...... eee Ce ore ee 8-95 
HI-547 Differential 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection ......................05. 8-95 
HI-548 ‘Single 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection ......................... 8-101 
HI-549 Differential 4-Channel CMOS Analog Multiplexer | 
with Active Overvoltage Protection .....................005. 8-101 
IH5108 -8-Channel Fault Protected CMOS Analog Multiplexer .......... 8-108 
IH5116 16-Channel Fault Protected CMOS Analog Multiplexer ......... 8-117 
IH5208 4-Channel Differential Fault Protected CMOS Analog Multiplexer 8-130 
IH5216 8-Channel Differential Fault Protected CMOS Analog Mulitplexer 8-139 
IH6108 8-Channel CMOS Analog Multiplexer ........ ee ee ee ee 8-153 
—1H6208 4-Channel Differential CMOS Analog Multiplexer ............. 8-163 
DISPLAY DRIVERS 
CA3161 BCD to Seven Segment Decoder/Driver .................... 9-2 
CA3168 2-Digit BCD to Seven Segment Decoder/Driver .............. 9-6 
ICM7211 4-Digit LCD Display Driver ....... 0.0... ccc cece eee ete e eens 9-10 
ICM7212 4-Digit LED Display Driver ......... 0... cc cece eee eee eee 9-10 
ICM7218 8-Digit LED Multiplexed Display Driver..................... 9-22 
ICM7228 8-Digit LED Multiplexed Display Driver ..................... 9-33 
ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54 
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54 
ICM7243 8-Character pP-Compatible LED Display Driver ............... 9-70 
REAL-TIME CLOCK 
ICM7170 uP-Compatible Real-Time Clock .......................004.. 10-2 
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Product Index by Family (continued) 


COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS PAGE 
~ ICM7207/A CMOS Timebase Generator .................0 0c eee eee 11-2 
“1CM7208 7-Digit LED Display Counter ......................00 000 e 11-8 
ICM7209 Timebase Generator ......... 0.0.0... ee eens 11-15 
ICM7213 One Second/One Minute. Timebase Generator ............... 11-18 
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer .............. 11-23 
ICM7217 4-Digit LED Display Programmable Up/Down Counter ......... 11-42 
ICM7224 4'%2 Digit LCD Display Counter ......... 0... ccc cece eee eee 11-59 
ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer .............. 11-67 
ICM7249 5'%-Digit LCD p-Power Event/Hour Meter ................... 11-82 
SPECIAL PURPOSE 
AD590 _ 2-Wire Current Output Temperature Transducer .............. 
ICL8069 Low Voltage Reference ......... 0... . ccc eee eee 
‘DATA COMMUNICATIONS 
ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver .......... 13-2 
MEMORY 
IM6653 4096-Bit CMOS UV EPROM .............. 0.0.0... eee eee 14-2 
IM6654 4096-Bit CMOS UV EPROM ....................... hes oaerses 14-2 
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- Harris Semiconductor Data Acquisition 


Obsolete Parts and Not Recommended for New Design Parts 


OBSOLETE SUGGESTED 
PRODUCT REPLACEMENT 


HI-DAC87V /883 AD7545SQ/883 its 


a: 
ae 
fiowms | 
1M 7299 po 
aa 
ete 


eee 
ee See 

IH6116 
Pe 
| 


Note: * Pin for Pin Compatible 


ICM7218E ICM7228A,B,C,D | 
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NOT RECOMMENDED 
FOR NEW DESIGN 


ICM7218A,B,C,D 
1CL7112 
HI-7159 
HI-562A 
HI-DAC16B/16C 
ICL7107CDL 
ICL7107CJL 
ICL7126CDL 
ICL7135CuJl 
ICL7136CDL 
ICL7136CJL_ : 
ICL7137CDL 
ICM7231BFIJL 
ICM7231BFIM44 
ICM7232BFlJL 
ICM7232CRIJL 
ICM7232CRIM44 
ICM7232BFIM44 
ICM7217AlJI 
ICM7217CluJI 
ICL7139CM44 
ICL7116RCPL 
ICL7117RCPL 
ICL7137RCPL 


SUGGESTED 
REPLACEMENT 


ICM7228A,B,C,D 
ICL7115* 
HI-7159A* 
HI-565A 

ICL7121_ 
ICL7107CPL* 
ICL7107CPL* 
ICL7126CPL* 
ICL7135CPI* 
ICL7136CPL* 
ICL7136CPL* | 
ICL7137CPL*. 
ICM7231BFIPL* - 
ICM7231BFIPL 
ICM7231BFIPL* 
ICM7232CRIPL* 
ICM7232CRIPL 
ICM7232BFIPL 
ICM7217AIPI 
ICM7217CIPI 
ICL7139CPL 
ICL7116CPL 
ICL7117CPL 
ICL7137CPL 


Chip/Wafer/Die Information 


Die Availability 


Most of the products listed in this catalog 
are available in Die or Wafer form. 


Please consult your local sales office or 
representative for specific information. 


1-15 


AN# 


AO01 


A002 


A004 


AOQ16 


AO17 


AO18 


AO19 


AOQ20 


A023 


AOQ28 


A030 


AOQ32 


A042 


AO46 


A047 


A048 


A049 


AQ52 


AO54 


Application Note Abstracts 


TITLE 


Glossary of Data 
Conversion Terms 


Principles of Data 
Acquisition and Conversion 


IH5009 Low Cost Analog 
Switch Series 


Selecting A/D Converters 


The Integrating A/D 
Converter 


Do’s and Dont’s of Apply- 
ing A/D Converters 


4’2-Digit Panel Meter 
Demonstration/Instrumenta- 
tion Boards 


A Cookbook Approach to 
High-Speed Data Acquisi- 
tion and Microprocessor 
Interfacing 


Low Cost Digital Panel 
Meter Designs 


Building an Autoranging 
DMM with the 
1ICL71C03A/8052A A/D 
Converter Pair 


1CL7104; a Binary Output 
A/D Converter for 
uProcessors 


Understanding the Auto- 
Zero and Common Mode 
Performance of the 

1CL7106/7107/7109 Family 


Interpretation of Data 
Converter Accuracy 


_ Specifications 


Building a Battery Operated 
Autoranging DVM with the 
1CL7106 


Games People Play with 
Harris’s A/D Converters 


Know Your Converter 
Codes 


Applying the ICL7109 A/D 
Converter 


Tips for Using Single-Chip 
312-Digit A/D Converters 


Display Driver Family 
Combines Convenience of 
Use with Microprocessor 
interfaceability 


ABSTRACTS 
This glossary defines the most often used terms in the field of data conver- 
sion technology. 
Presents theory, converter coding, topologies, and specifications. 


Compares the members of the 1IH5009 “‘virtual ground”’ analog switches and 


_ provides suggested applications. 


Describes the differences between integrating converters and successive 
approximation converters. Includes a checklist for decision making, and a 
note on multiplexed data systems. 


Provides an explanation of integrating A/D converters, together with a detail- 
ed error analysis. 


An analysis of proper design techniques using D/A converters. 


Describes two typical PC board layouts using the 8052A/7103A 41/2-digit A/D 
pair. Includes schematics, parts layout, list of materials, etc. Also see AO28. 


Uses the building block approach to design a complete 12 volt system. 
Explains the significance of each component and demonstrates methods for 
microprocessor interfacing, including the use of control signals. 


Provides a detailed explanation of the 7106 and 7107 312-digit panel meter 
iC’s, and describes two of the evaluation kits available from Harris. 


This companion application note to A019 explains the use of the 8052A/7103A 
converter pair to build a +4'/2-digit autoranging digital multimeter. Included 
are schematics, circuit descriptions, tips and hints, etc. 


Describes in detail the operation of the 7104. Includes in digital interfacing, 
handshake mode, buffer gain, auto-zero, and external zero. Appendix includes 
detailed discussion of auto-zero loop residual errors in dual slope A/D 
conversion. 


Explains in detail the operation of the ICL7106/7107/7109 family of A/D 
converters. 


Cognizance of accuracy factors involved when interfacing data converters 
into system applications permits designers to meet overall error budget con- 
straints. Transfer functions; quantization noise; offset, gain, and linearity er- 
rors; and temperature effects must be interpreted to satisfy specification 
requirements. 


Explains principles of autoranging, problems, and solutions. Includes clock 
circuits, power supply requirements, design hints, schematics, etc. 


Describes 25 different integrating A/D converter applications. Input circuits, 
conversion modifications, display and microprocessor interfaces are shown 
in detail. 


When you work with A/D and D/A converters, there are many input and out- 
put codes to choose from. 


The operation and application of the ICL7109 12-bit integrating A/D converter 
is presented. 


Answers frequently asked questions regarding the operation of 3'/2-digit single- 
chip A/D converters. Included are sections on power supplies, displays, 
timing, and component selection. 


Compares and describes the various display drivers. Includes design 
examples for 7 segment, alphanumeric, and bargraph systems. 
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AN# 


A057 


AO59 


KB11 


ROOS 


RO23 


520 


521 


522 


524 


531 


532 


534 


535 


539 


543 


557 


559 


Application Note Abstracts (continued 


TITLE 


Graphs Give Aperture Time 
Required for A/D 
Conversion 


Digital Panel Meter 
Experiments for the 
Hobbyist 


3%4-Digit Autoranging 
Multimeter — ICL7139EV/Kit 


Reduce CMOS-Multiplexer 
Troubles through Proper 
Device Solutions 


Interface a Real-Time Clock 
Chip to the IBM PC or 
Apple Il 


CMOS Analog Multiplexers 
and Switches; Application 
Considerations 


Getting the Most Out of 
CMOS Devices for Analog 
Switching Jobs 


Digital-to-Analog Converter 
Terminology 


Digital-to-Analog Converter 
High-Speed A/D 
Applications 


Analog Switch Applications 
in A/D Data Conversion 
Systems 


Common Questions 
Concerning CMOS Analog 
Switches 


Additional Information on 
the HI-300 Series Switch 


Design Considerations for 
a Data Acquisition System 
(DAS) 


A Monolithic 16-Bit D/A 
Converter 


New High-Speed Switch 
Offers Sub-50ns Switching 
Times 


Recommended Test 
Procedures for Analog 
Switches 


HI-222 Video/HF Switch 
Optimizes Key Parameters 


ABSTRACTS 


It is important for the designer to know what aperture time is required to keep 
the system error to a tolerable value in terms of the resolution of his A/D 
converter. 


Explains how the ICL7106/7107 can be used to make fundamental 
measurements of voltage, current, and resistance. 


Detailed description of internal device circuitry and its intended operation, 
assembly instructions, block diagrams, current, voltage, resistance 
measurements, electrical characteristics. An excellent means of checking the 
characteristics and evaluating the performance of the ICL7139. 


Addresses the issue of error sources, specifically output leakage and over- 
voltage protection circuitry. Discusses multiplexer selection alternatives. 


Discusses crystal selection, oscillator circuitry, battery backup scheme and 
PC board layout and how these affect the accuracy and stability of the Real- 
Time Clock. 


Switch selection criteria, datasheet definitions, care and feeding of multiplexers 
and switches, digital interface, practical multiplexer applications alternative 
to CMOS switches and multiplexers. 


CMOS versus bipolar device performances, over voltage and channel interac- 
tion conditions, JI technology and latch-up, floating-body Jl technology, fool- 
proof CMOS analog multiplexer, other DI benefits. 


Explains DAC terminology, Resolution Gain Error, Offset Error, Linearity 
Error, Differential Linearity Error, Drift, Settling Time, etc. 


Use of High-Speed DAC’s in tracking, servo, and successive approximation 
Analog-to-Digital Converters. Design ideas for Data Acquisition Systems. 


System configurations, analog switch types, CMOS switch selection guidelines, 
alternate uses of CMOS switches. 


Power supply considerations, input overvoltage protection, single supply opera- 
tion, various questions about Harris D.I. switches. 


““ON”’ resistance, leakage currents, switching speeds, power supply re- 
quirements, internal switch operation, charge injection, power supplies 
conditions, and protective circuitry. 


A collection of guidelines for the design of a Data Acquisition System. 
Includes signal conditioning, transducers, single-ended vs. differential signal 
paths, low level signals, filters, Programmable Gain Amplifiers, sampling rate, 
and computer interfacing. 


Detailed description of the HI-DAC16 D/A Converter, chip photo and schematic, 
plus applications and interface considerations. 


Application enhancement using the HI-201HS, high-speed multiplexers, high- 
speed sample and hold, analog switch and op amp circuitry, integrator with 
start/reset, low pass filter with select break frequency, amplifier with program- 
mable gain, future applications. 


Description of analog switch test methods employed at Harris Semiconductor. 


Presents video performance characteristics such as differential gain and 
phase, off-isolation, crosstalk. Also covers reduced supply operation, charge 
injection, and PC board layout techniques. 
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Competitive Cross Reference Chart 


Harris Pin-for-Pin Harris Closest 
Part Number | | Replacement Replacement 
AD562 HI-562A 
AD562A HI-562A 
AD563 HI-565A 
AD565A HI-565A | 
AD571 CA3310, HI-7151/52 
AD573 CA3310, HI-7151/52 
AD574A HI-574A 
AD589 ICL8069 
AD590 AD590 
AD674A HI-674A 
AD679 ICL7115 
AD5240 HI-674A, HI-774 
AD7501 HI-508 
AD7506 DG506A 
AD7506 H1-506 
AD7507 HI-507 
AD7507 DG507A 
AD7511 HI-201 
AD7512 | HI-5043 
AD7520 AD7520 
AD7521 AD7521 
AD7523 AD7523 
AD7530 AD7530 
AD7531 AD7531 
AD7533 AD7533 
AD7534 ICL7134 — 
AD7535 ICL7134 
AD7536 ICL7134 
AD7538 ICL7134 
AD7541 AD7541 
AD7545 AD7545 
AD7579 : | CA3310, HI-7151/52 
AD7580 | CA3310, HI-7151/52 
ADADC80 HI-574A, HI-674A 
ADADC84-85 HI-674A, HI-774 
ADC0802 | ADC0802 | | 
ADC0803 ADC0803 
ADC0804 ADC0804 — 
ADC1080/1280 HI-574A 
ADC1080/1280 H|-674A 
ADC1210/11 HI-574A 
ADC550 | HI-574A 
ADC574A HI-574A 
ADC581 | HI-574A 
ADC674A HI-674A 
ADC774 HI-774 
ADC80 | HI-674A 
ADC84/85 | | HI-674A 
ADC8412 HI-674A 


ADC85C12 HI-674A 
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Competitive Cross Reference Chart (continued 


Harris Pin-for-Pin Harris Closest 
Part Number Replacement Replacement 
ADC8712 HI-674A 
ADC9012 HI-674A 
ADC910 HI-7151/52 
ADCHX12B HI-574A, HI-674A 
ADCL12B2 HI-574A 
ADCL12B2 HI-674A 
ADCM12B2 HI-674A 
ADCMA12B2B HI-674A 
ADCMA12B2B HI-574A 
ADCMAI13B2A HI-574A 
ADDAC71/72 HI-DAC16, ICL7121 
ADDAC80V H|I-DAC80V 
ADDAC85V HI-DAC85V 
ADDAC87V HI-DAC87V 
ADG201 DG201A 
ADG201HS HI-201HS 
ADG202 DG202 
ADG211 DG211 
ADG212 DG212 
ADG506A DG506A 
ADG507A DG507A 
ADG508A DG508A 
ADG509A DG509A 
ADG526 DG526 
ADG527 DG527 
ADG528 DG528 
ADG529 DG529 
AM6012 HI-562A 
CA3304 CA3304 
CA3306 CA3306 
CA3338 CA3338 
DA700/701 HI-DAC16, ICL7121 
DA702/703 HI-DAC16, ICL7121 
DAC1020 AD7520 
DAC1021 AD7520 
DAC1022 AD7520 
DAC1220 AD7521 
DAC1221 AD7521 
DAC1222 AD7521 
DAC1265 HI-565A 
DAC3281016 HI-DAC16, ICL7121 
DAC346C Hi-DAC80V 
DAC347LP-12 HI-DAC87 
DAC372 HI-DAC80 
DAC562 HI-562A 
DAC70 HI-DAC16, ICL7121 
DAC71/72 HI-DAC16, ICL7121 
DAC7541 AD7541 
DAC7545 AD7545 
DAC80 HI-DAC80V 
DAC85 HI-DAC85V 
DAC87 HI-DAC87V 


DACHR16B 
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HI-DAC16 


Competitive Cross Reference Chart (continued) 


| ote Harris Pin-for-Pin Harris Closest 
Part Number i) Replacement — Replacement 
DG180 DG180 
DG181 DG181 
DG182 DG182 
DG183 DG183 
DG184 DG184 
DG185 DG185 
DG186 DG186 
DG187 DG187 
DG188 DG188 
DG189 DG189 
DG190 DG190 
DG191 DG191 
DG200A DG200 
DG201A DG201A 
DG202 DG202 
DG211 DG211 
DG212 DG212 
DG271 HI-201HS 
DG300A DG300A 
DG301A DG301A 
DG302A DG302A 
DG303A DG303A 
DG304A HI-304 
DG305A HI-305 
DG306A HI-306 
DG307A HI-307 
DG308A DG308A 
DG309 DG309 
DG381A HI-381 
DG384A HI-384 
DG387A HI-387 
DG390 HI-390 
DG5040 HI-5040 
DG5041 HI-5041 
DG5041 HI-5042 
DG5043 IH5043/HI-5043 
DG5044 HI-5044 | 
DG5045 HI-5045 
DG506A DG506A 
DG507A DG507A 
DG508A DG508A 
DG509A DG509A 
DG5140 IH5140 
DG5141 IH5141 
DG5142 IH5142 
DG5143 1H5143 
DG5144 IH5144 
DG5145 IH5145 


1-20 


Competitive Cross Reference Chart (continued) 


Part Number 


DG526 
DG527 
DG528 
DG529 
HI-506A 
HI-507A 
HI-508A 
HI-509A 
HS5200 
HS574 
HS574 
HS7541 
HS7545 
HSDA387 
ICL7106 
ICL7107 
ICL7109 ° 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
LF11201 
LF13201 
LF13508 
LF13509 
LM113 
LT1081 


Harris Pin-for-Pin Harris Closest 
Replacement Replacement 


DG526 
DG527 
DG528 
DG529 
HI-506A 
HI-507A 
HI-508A 
HI-509A 
HI-674A 
HI-574A 
HI-674A 
AD7541 
AD7545 
HI-DAC87V 
ICL7106 
ICL7107 
ICL7109 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 © 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM 7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218, ICM7228 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
DG201 
DG201A 
DG508A 
DG509A 
ICL8069 
ICL232 
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Competitive Cross Reference Chart (continueq) 


| Harris Pin-for-Pin Harris Closest 
Part Number Replacement Replacement 
MAX130 ICL7106 
MAX131 ICL7136 
MAX136 ICL7116 
MAX173 HI-7152 
MAX177 HI-7151 
MAX232 ICL232 
MAX358 IH5108 
MAX359 IH5208 
MC3412 HI-565A 
MP5010 ICL8069 
MP574A HI-574, HI-674A 
MP7520 AD7520 
MP7521 AD7521 
MP7523 AD7523 
MP7533 AD7533 
MP7541 AD7541 
MP7545 AD7545 
MP7621 AD7541 
MP7682 CA3306 
MP7684 HI-5700 
MP7684A HI-5700 
MPC800KG HI-516-5 
MPC801KG | H1-518-2 
MPC801SG H|-518-1 
MUX-08 HI-508 
-MUX-16 HI-506 
MUX-24 HI-509 
MUX-28 HI-507 
MUX-88 HI-508 
MxX151 HI-7152 
MX565A HI-565A 
MX574A HI-574A 
MX674A HI-674A 
MX774 HI-774 
MX7520 AD7520 
MX7521 AD7521 
MX7523 AD7523 
MX7530 AD7530 
MX7533 AD7533 
MX7534 ICL7134 
MX7535 ICL7134 
MX7536 ICL7134 
MX7541 AD7541 
MX7545 AD7545 
PM562 HI-562A 
PM7533 AD7533 
PM7541 AD7541 
PM7545 AD7545 
TL185 HI-5045 
TL188 HI-5042 
TL191 IH5043/HI-5043 
TLC7135 ICL7135 
TS8308 CA3318 
TSC04 ICL8069 
TSC232 ICL232 


Competitive Cross Reference Chart (continued) 


Part Number 


TSC7106 
TSC7107 
TSC7109 
TSC7116 
TSC7117 
TSC7126 
TSC7129 
TSC7135 
TSC7136 
TSC7137 
TSC72i1 
TSC7212 
TSC805 

TSC810 

TSC815 

TSC825 

TSC9491 


Harris Pin-for-Pin 
Replacement 


ICL7106 
ICL7107 
ICL7109 
ICL7116 
ICL7117 
ICL7126 
ICL7129 
ICL7135 
ICL7136 
ICL7137 
ICM7211 
ICM7212 


ICL7116 


ICL8069 
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Harris Closest 
Replacement 


ICL7149 


ICL7149 
ICL7182 


DATA ACQUISITION 


A/D CONVERTERS DISPLAY 


CA3162/CA3162A A/D Converter for 3%2-Digit Display .......... 0.0.0... ccc ee eee 2-2 
ICL71CO03/ICL8052 Precision 4%2-Digit A/D Converter ..........0 0.0. cee ee ees 2-9 
ICL71C03/ICL8068 Precision 4%2-Digit A/D Converter ........... 0.0.00. ccc cee eee 2-9 
ICL7106 3¥2-Digit LCD Single-Chip A/D Converter ................0 00 c eee eee 2-30 
ICL7107 3'%-Digit LED Single-Chip A/D Converter ................0 000. cece eee 2-30 
ICL7116 31/-Digit with Display Hold Single-Chip A/D Converter .................... 2-43 
ICL7117 3¥2-Digit with Display Hold Single-Chip A/D Converter .................... 2-43 
ICL7126 312-Digit Low Power Single-Chip A/D Converter ................ 0.000000. 2-55 
ICL7129 4¥2-Digit LCD Single-Chip A/D Converter ............. 0... e eee eee 2-67 
ICL7136 3%-Digit LCD Low Power A/D Converter ............ he dogr ane aah hate et Slots 2-81 
ICL7137 32-Digit LED Low Power Single-Chip A/D Converter .................000. 2-93 
ICL7139 334-Digit Autoranging Multimeter ...........0.. 0.0.0 eee ee 2-103 
ICL7149 Low Cost 334-Digit Autoranging Multimeter ............... 0.00.00. 2-117 
ICL7182 101 Segment LCD Bargraph A/D Converter ......... 0.0.0.0: cece eee eee 2-131 
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A/D Converter for 3-Digit Display 


“Hold” inhibits conversion but 


ca TARRIS 

Features: 

® Dual-slope A/D conversion C) 

e Multiplexed BCD display maintains delay 
zw Ultra-stable internal band-gap 


voltage reference 
# Capable of reading 99 mV below 
ground with single supply 
e Differential input 
a Internal timing - no external clock 
required a 
Choice of low-speed (4-Hz) or 
high-speed (96-Hz) conversion 
rate 


Driver 


The CA3162E and CA3162AE are |2L monolithic A/D 
converters that provide a 3-digit multiplexed BCD output. 
They are used with the CA3161E BCD-to-Seven-Segment 
Decoder/Driver* and a minimum of external parts to 
implement a complete 3-digit display. The CA3162AE is 
identical to the CA3162E except for an extended operating 
temperature range. 


The CA3162 is supplied in a 16-lead dual-in-line plastic 
package (E suffix). The CA3162 is also available in chip 
form (H suffix). 


* The CA3161E is described in RCA data bulletin File No. 


Overrange indication - “EEE” for 
reading greater than + 999 mV, “-” 
for reading more negative than 
-99 mV when used with CA3161E 

BCD-to-Seven Segment Decoder/ 


Extended temperature range 
version available 


TERMINAL ASSIGNMENT 
CA3162E 


Sh 


BCD { 2! 2° { 8co 
OUTPUTS 40 saouTeUre 
DIGIT (NSO vt 
Serpare MSD (3) GAIN ADy 
D f2) INTEGRATING CAP 


(1) HIGH INPUT 
( LOW INPUT 


ZERO ADJ ©@) (9) ZERO ADY 


TOP VIEW 
rahe , 9205-30415 
+ 
ve y BCD OUTPUTS 
ZERO 1 
ADJ INTEGRATING 
CAP fs) 2° 22 2 vt 
@) % 
CONTROL LOGIC, DIGIT 
COUNTERS & SRE i (4) LO'GIT SELECT OUTPUTS 
MULTIPLEX zi 6) G)+msp 
| r Ty (3)=.sp 
@>=ns0 
HIGH INPUT (i!) ee 
LOW INPUT (10) CONVERTER 


REFERENCE 
CURRENT 
GENERATOR 


Dd 
MSO = MOST SIGNIFICANT DIGIT 
NSD= NEXT SIGNIFICANT DIGIT 
LSD=LEAST SIGNIFICANT DIGIT 


CONVERSION 
(6) CONTROL 


GND 


92CM-S50414RI 


Fig. 1 - Functional block diagram of the CA3162E. 


File Number 1080 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (between terminals 7 and 14) ........ cc ccc cece ccc eee c eee e cess ene cecesesveeeenteuceneeeeceencucenenans +7V 
INPUT VOLTAGE (terminal 10 or 11 to ground)... 2.2.2.0... cece e cece ccc cece een ncueuceeeeeevnceeeeeeuueceuvesuveereeeeeuvenes +15 V 
DEVICE DISSIPATION: 
I BOTA S90 2G siete fecal heen att eet sais Ea tan beh Sth iae Solr etta ata led Ae ol a SS it ae ined Seller dh Mies a's oat ntact 750 mW 
PDOVE-TAia 800 aioe heey ute teeth hig hice het pain dg ueah ade mds tte wuleetnmaioeaatmen a eaugeend hea esuns Derate Linearly at 7.9 mW/°C 
AMBIENT TEMPERATURE RANGE: 
Operating, CA3162E .......... ela Gk Sete, lis edmonton ee Ree BESS ch Ss de ra a Ah tate eee Ra ee re toa owe ane 0 to +75°C 
OPOElStinG, CASIO CAR isccsea his tra att icing se ee hy aac tid Bite ne bacbes cd Seine debe bee eae kL A ene hk EE LA ee eicekeledbes -40 to +85°C 
DIOVAQE Sot rhns doit e Sestak tunti Oaeeoeatat Amiaaes ala tice mantee snes Gee WS ek Wre aa ious haerech esi at Neath he meee aa anced -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 SECONdS MAX...... 1c eee cece cence een cecseueeseuteneusens +265°C 


ELECTRICAL CHARACTERISTICS at TA = 25°C, V +.= 5 V, Zero pot centered, gain pot = 2.4 kQ unless otherwise stated 


LIMITS 


UNITS 


CHARACTERISTIC TEST CONDITIONS : 


Operating Supply VoltageRange V+ | 4S 


_ 
N 


Supply Current, I+ 100 kQ to V+ on terms. 3, 4, 5 ee 
Input Bias Current, l'B Terms. 10 and 11 = 


Unadjusted Gain V11 -V10 = 900 mV, read decoded re 
output 


See Notes 1 and 2 


herd 
aes 
| 100 _| 
| -80_| 
a 
feed 
Conversion Rate: 
ae or kr 
fe 
EI 
| 10 


+ 
eed 


3/2 /s1;3 
7 a i >|< 


+ 
ook 


Count - 


7 Hz 
Fast Mode Term.6=5V Lf 
Conversion Control Voltage a . 
(Hold Mode) at Terminal 6 
Common-Mode Input Voltage 
See Note 3, 4 +0.2 V 
Range, VICR 
BCD Sink Current at terms. 1, 2, 15,16| Veco >0.5V, at logic zerostate | 04 | 1.6 | — | mA 
Digit Select Sink Current at terms. 3, VDigit Select = 4 V at logic zero ie A 
: m 
4,5 state 
Zero Temperature Coefficient Vi =0 V, zero pot centered aa 10 hee LN/°N 
Gain Temperature Coefficient Vi = 900 mV, gain pot = 2.4 KO | — | ooo | — | %/°C 
Notes: 
1. Apply zero volts across V11 to V10. Adjust zero potentiometer to give 000 mV reading. Apply 900 mV to input and adjust 


gain potentiometer to give 900 mV reading. 


2. Linearity is measured as a difference from a straight line drawn through zero and positive full scale. Limits do not include 
+ 0.5 count bit digitizing error. — 

3. Forapplications where negative terminal 10 is not operated at terminal 7 potential, areturn path of not more than 100 kQ 
resistance must be provided for input bias currents. 

4. Thecommon-mode input voltage above ground cannot exceed + 0.2 V if the full input signal range of 999 mV is required at 


terminal 11. That is, terminal 11 may not operate higher than 1.2 V positive with respect to ground or 0.2 V negative with 
respect to ground. If the maximum input signal is less than 999 mV, the common-mode input voltage may be raised 
accordingly. 


CA3162, CA3162A 


CA3162, CA3162A 
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Circuit Description 


The functional block diagram of the CA3162E is shown in 
Fig. 1. The heart of the system is the V/I converter and 
reference-current generator. The V/I converter converts the 


input voltage applied between terminals 10 and 11 to a 


current that charges the integrating capacitor on terminal 


“12 for a predetermined time interval. At the end of the 
Charging interval, the V/I converter is disconnected from 


the integrating capacitor, and a band-gap reference 


-constant-current source of opposite polarity is connected. 


The number of clock counts that elapse before the charge is 
restored to its original value is a direct measure of the signal 
induced current. The restoration is sensed by the 


comparator, which in turn latches the counter. The count is 


then multiplexed to the BCD outputs. 


The timing for the CA3162E is supplied by a 786-Hz ring 
oscillator, and the input at terminal 6 determines the 
sampling rate. A 5-V input provides a high-speed sampling 


+5V 
NOTE 2 O 


NOTE 1 


ie 


NORMAL 
LOW- SPEED MODE : 


Vg *GROUND 
OR OPEN 


HOLD: 
Vez 12 V O—{6) 
HIGH- SPEED MODE : 


Vg 25V 
OIGIT ORIVERS 


rate (96 Hz), and grounding or floating terminal 6 provides a 
low-speed (4 Hz) sampling rate. When terminal 6 is fixed at + 
1.2 V (by placing a 12 K resistor between terminal 6 and the + 
5-V supply) a."“hold” feature is available. While the CA3162E 
is in the hold mode, sampling continues at 4 Hz but the 
display data are latched to the last reading prior to the 
application of the 1.2 V. Removal of the 1.2 V restores 
continuous display changes. Note, however, that the 
sampling rate remains at 4 Hz. 


Fig. 3 shows the timing of sampling and digit select pulses 
for the high-speed mode. Note that the basic A/D conversion 
process requires approximately 5 ms in both modes. 


The “EEE” or “---” displays indicate that the range of the 
system has been exceeded in the positive or negative 
direction, respectively. Negative voltages to -99 mV are 
displayed with the minus signin the MSD. The BCD code is 
1010 for a negative overrange (---) and 1011 for a poSitive 
overrange (EEE). 


6 | 
CA3IGZE ee EE ee eee 
BCO OUTPUTS H-O— tH ty | HHH 
| | ee | 
nouts, OO i ame U1 Sane 
pe es 
"6 2 Sees 3 ieee fi 
RI 
(8) (3) Ae 
CA3162E CA3I62E 
TERMINALS TERMINALS 92CL-30416R2 


GAIN 10KA 
AOJ. 


NOTE 1— THE CAPACITOR USED HERE MUST BE A LOW DIELECTRIC 
ABSORPTION TYPE SUCH AS APOLYESTER OR POLYSTYRENE 
TYPE. 
2 — THIS CAPACITOR SHOULD BE PLACED AS CLOSE AS POSSIBLE 
TO THE POWER AND GROUND TERMINALS OF THE CA3161E. 


3,4,5 1,2, 15,16 


76 


Fig. 2 - Basic digital readout system using the CA3162E and the CA3161E. 


2ms/DIVISION 


92CS-304i3Ri 


Fig. 3 - High speed mode timing diagram. 
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CA3162E Liquid Crystal Display (LCD) Application 


Fig. 4 shows the CA3162E in a typical LCD application. 
LCD's may be used in favor of LED displays in applications 
requiring lower power dissipation, such as battery-operated 
equipment, or when visibility in high-ambient-light 
conditions is desired. 


Multiplexing of LCD digits is not practical, since LCD's 
must be driven by an ac signal and the average voltage 
across each segment is zero. Three CD4056B liquid-crystal 
decoder/drivers are therefore used. Each CD4056B contains 
an input latch so that the BCD data for each digit may be 
latched into the decoder using the inverted digit-select 
outputs of the CA3162E as strobes. 


The capacitors on the outputs of inverters G3 and G4 filter 
out the decode spikes on the MSD and NSD signals. The 


0.047 pF 


G1-G6 :CD4049UB 
HEX INVERTER 
G7,G8,G9 CD40238 
TRIPLE 3-INPUT NAND 
GATE 
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Capacitors and pull-up resistors connected to the MSD, 
NSD and LSD outputs are there to shorten the digit drive 
signal thereby providing proper timing for the CD4056B 
latches. 


Inverters G1 and G2 are used as an astable multivibrator to 
provide the ac drive to the LCD backplane. Inverters G3, G4, 
and G85 are the digit-select inverters and require pull-up 
resistors to interface the open-collector outputs of the 
CA3162E to CMOS logic. The BCD outputs of the CA3162E 
may be connected directly to the corresponding CD4056B 
inputs (using pull-up resistors). In this arrangement, the 
CD4056B decodes the negative sign (-) as an “L” and the 
positive overload indicator (E) as an “H”. 


The circuit as shown in Fig. 4, using G7, G8 and G9, will 
decode the negative sign (-) as anegative sign (-), and the 
positive overload indicator (E) as ‘‘H”. 


+5V 
O 


TO MSD 
OF LCO 


TO NSD 
OF LCD 


100 KQ 


0.63pF 


92CL- 3IOI6RI 


Fig. 4 - Typical LCD application. 
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CA3162E Common-Cathode, LED Display Application 


Fig. 5 shows the CA3162E connected to a CD4511B 
decode/driver to operate a common-cathode LED display. 
Unlike the CA3161E, the CD4511B remains blank for all 
BCD codes greater than nine. After 999 mV the display 
blanks rather than displaying EEE, as with the CA3161E. 
When displaying negative voltage, the first digit remains 
blank instead of (-), and during a negative or positive 
overrange the display blanks. 


ad, 2.2Kka 


Lemar) | 
B ie) 


The additional logic shown within the dotted area of Fig. 5 
restores the negative sign (-), allowing the display of 
negative numbers as low as -99 mV. Negative overrange is 
indicated by a negative sign (-) in the MSD position. The 
rest of the display is blanked. During a positive overrange, 
only segment b of the MSD is displayed. One inverter from 
the CD4049B is used to operate the decimal points. By 
connecting the inverter input to either the MSD or NSD line 
either DP1 or DP2 will be displayed. Fig. 7 shows the P.C. 
board and component placement. 


1/3 CD4049UB 


HP 5082-7433 
OR EQUIVALENT 


6 BUFFERS 
(1 CD4050B) 


92CL- 31018RI 


Fig. 5 - Typical common-cathode LED application. 
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92CS-32692 92CS- 32693 


Fig. 6- P.C. board” template (actual size + 3%) and component layout 
guide for circuit shown in Fig. 2. 


Cra 


O—-~ 


O 
eo O~O--O-) 


fo) 


92CS-32691 


92CS-32694 


Fig. 7 - P.C. board template (actual size + 3%) and component layout 
guide for circuit shown in Fig. 5. 


*P.C. board courtesy ETS. Velleman P.V.B.A., St. Amandsberg, Belgium 
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Dimensions and pad layout for CA3162H chip. 


ORDERING INFORMATION — 


Part Number | Temperature Range 
CA3162E 0°C to + 70°C =: | 16-Pin Plastic Dip 
CA3162AE -—40°C to + 85°C = |16-Pin Plastic Dip 
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The photographs and dimensions of each Linear 
chip represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both 
dimensions. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°3 
inch). 


ICL8052/ICL71C03 


ICL8068/ICL71C03 
Precision 414 Digit A/D Converter 


FEATURES 


® Typically Less Than 2 »V p-p Noise (200.00 mV Full 
Scale, ICL8068) 


® Accuracy Guaranteed to +1 Count over Entire 
+ 20,000 Counts (2.0000V Full Scale) 


© Guaranteed Zero Reading for OV Input 


¢ True Polarity at Zero Count for Precise Null 
Detection 


® Single Reference Voltage Required 

© Over-range and Under-Range Signals Available for 
Auto-Ranging Capability 

© Aji Outputs TTL Compatible 

© Medium Quality Reference (40 ppm typical) on Board 


® Blinking Display Gives Visual Indication of 
Overrange 

© Six Auxillary Inputs/Outputs Are Available for 
Interfacing to UARTs, Microprocessors or Other 
Complex Circuitry 


GENERAL DESCRIPTION 


The ICL8052 or ICL8068/ICL71C03 chip pairs with their 
multiplexed BCD output and digit drivers are ideally suited 
for the visual display DVM/DPM market. The outstanding 
41% digit accuracy, 200.00 mV to 2.0000V full scale capabili- 
ty, auto-zero and auto-polarity combine with true ratiometric 
operation, almost ideal differential linearity and time-proven 
dual slope conversion. Use of these chip pairs eliminates 
clock feedthrough problems, and avoids the critical board 
layout usually required to minimize charge injection. 


When only 2000 counts of resolution are required the 
71C03 can be wired for 31 digits and give up to 30 read- 
ings/second making it ideally suited for a wide variety of 
applications. 


The ICL71C03 is an improved CMOS plug-in replacement 
for the ICL7103 and should be used in all new designs. 


ORDERING INFORMATION 


Part Number Temp. Range 


ud ICL8052/ICL71C03, ICL8068/ICL71C03 


ICL8052CPD 
ICL8052CDD 
ICL8052CJD 
ICL8052ACPD 
ICL8052ACDD 


ICL8052ACJD 
ICL8068CDD 
ICL8068ACDD 
ICL8068ACUD 
ICL71CO3CPI 


ICL71CO3ACPI 


REF BYPASS] 4 


REF SUPPLY 


0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
o°C to + 70°C 


ICL8052/ 
ICL8068 


14-Pin Plastic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
14-Pin Plastic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
14-Pin Ceramic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
28-Pin Plastic DIP 
28-Pin Plastic DIP 


0439-1 


Figure 1: ICL8052/ICL8068 Pin Configuration 
and Functional Diagram 


© 5 pA Input Current Typical (8052A) 


277301 (LSD) 


23 (788 (MSB) 

REFERENCE (2 7 
REF. CAP. 148 
REF. CAP. 2(9 
ANALOG IN J 10 
ANALOG GND 911 
CLOCK IN 912 
UNDERRANGE (J 13 
OVERRANGE (J 14 


ICL71C03(A) 


20 (J B1 (LSB) 
19 {7} D5 (MSD) 
181) STROBE 


15 LJ DIGITAL GND 


0439-2 
Figure 2: ICL71C03 Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All tunical valiiac hava haan rharantarivad hit nen nat tantacd 9a 


ICL8052/ICL71C03, ICL8068/ICL71C03 


Power Dissipation (Note 1)........... Ss adil siee 500 mW 
Storage Temperature ................. —65°C to + 150°C 
Lead Temperature (Soldering, 10 Sec.)............. 300°C 
8052, 8068 

SUDDIY VOlaGG ns veces ial cee raw eens Bes +18V 
Differential Input Voltage 

(BSQOGB) 2c hen chnnsearyd SSeS Gass snitng Neen eee ate +30V 

(BOB ote Oe ates aad Rie ee yA a we he eh +6V 
Input Voltage (Note 2)......... cee cece eee ees +15V 
Output Short Circuit Duration, 

All Outputs (Note 3) ........ 0... cece ee ee eee Indefinite 
Operating Temperature.................... 0°C to +70°C 


NT Comp. In Current 
lINH | } 
Threshold Voltage. 


Bi, Bo, By, Bg 
D1, Do, D3, D4, Ds 


Busy, Strobe, 
Over-range, Under-range 
Polarity 


Switches 1,3, 4,5,6 
Switch Leakage (All) 


pr | =18v Supply Current 


Symbol Characteristics | Test Conditions | min | typ | Max | units | 


NL Clock In, Run/Hold, 414/31 Vin = 0 0.2 0.6 mA 
NINH Vin = +5V 0.1 i? a pA 


Power Dissipation Capacitance vs. Clock Freq 


ICL8052/ICL71C03, ICLS8068/ICL71C03 


ABSOLUTE MAXIMUM RATINGS 


71003 
Power Supply Voltage (GND to V a Vos ceatiia le Binet iattaladre 6.5V 
Negative Supply Voltage (GND toV) ............. —17V 
Analog Input Voltage (Note 4) ................. Vt toV~ 
Digital Input Voltage 
(Note 5). sn<acsnsaeieks (GND — 0.3V) to (V* + 0.3V) 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 


_ implied. Exposure to absolute maximum rating conditions for extended peri- 


ods may affect device reliability. 


0.1 10 A 
0.1 10 pA 


NOTES 1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher 


temperatures, derate 10 mW/°C. 


ao & WwW NN 


: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 
: Short circuit may be to ground or either supply. Rating appties to + 70°C ambient temperature. 
: Input voltages may exceed the supply voltages provided the input current is limited to +100 pA. 


: Connecting any digital inputs or outputs to voltages greater than V* or less than GND may cause destructive device latchup. For this reason it is 


recommended that the power supply to the 71C03 be established before any inputs from sources not on that supply are applied. 


6: This specification relates to the clock frequency range over which the ICL71C03(A) will correctly perform its various functions. See the “Max Clock 
Frequency” section under COMPONENT VALUE SELECTION for limitations on the clock frequency range in a system. 


NOTE: All typical values have been characterized but are not tested. 
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ICL8068 ELECTRICAL CHARACTERISTICS 


(VsuppLy = +15V, Ta = 25°C unless otherwise specified) 


symbot Characteristics ‘| Test Conditions 


EACH OPERATIONAL AMPLIFIER 


| Min | Min 
Vos Vm=ov | | ao | 65 | | 20 
Vom= ov | | 175 | 250 | 
ae | 70 


CMRR _ | Common-Mode Rejection Ratio Vom = +£10V | 90 | | 
je] 
| |_| 20,000 | 
[see 
as 
a 
anes 


3 
< 


a 

roa) 

) 
U 
> 


< 


Non-Linear Component of 


Common-Mode Rejection 
Ratio (Note 2) 


COMPARATOR AMPLIFIER . 
AvoL Py =30 ko 
+Vo 


—Vo Negative Output Voltage Swing 
VOLTAGE REFERENCE 


Vo 
ike eSor,) 

Vsupp.Ly | Supply Voltage (Vt + — V-) PF tt0 | +16} +10 a +16 V 
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ICL8052 ELECTRICAL CHARACTERISTICS 


(VsuppLy = +15V, Ta = 25°C unless otherwise specified) 
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NOTE: All typical values have been characterized but are not tested. 
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ICL8052 ELECTRICAL CHARACTERISTICS 


(VsuppLy = £15V, Ta = 25°C unless otherwise specified) (Continued) 


COMPARATOR AMPLIFIER 


[evo | Poste uputVotage Swing | 
[vo | Negative ouput Voage Swng | | -20 | -26 2 
[vo | oupwvotage 
[Ro | ouput resistence | 
[ro Ftemperaure ooticent | 
a 
ee a 


Supply Voltage (Vt + — V~-) 
Supply Current Total 


NOTES 1:.<The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents are measured with junctions at ambient temperature. !n normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pd. Ty) = Ta + ReyaPd where Roya is the thermal resistance from junction to 
ambient. A heat sink can be used to reduce temperature rise. a 


2: This is the only component that causes error in dual-slope converter. 


SYSTEM ELECTRICAL:CHARACTERISTICS: 8068/71C03 
(vt + = +15V, Vt = +5V, V7 = —15V, Ta = 25°C, Clock Frequency Set for 3 Reading/Sec.) 


| Min | typ | Max | Min | Typ | Max _ 
+1. 


Zero Input Reading Vin = 0.0V ase auat die _ é Digital 
ea. | Full Scale = 200.00 mV 000:0 ; + 000.0} + 000.0; —000.00 } +000.00 } + 000.00 Reading 
Ratiometric Reading Vin = VREF ; Digital 
(Note 3) Full Scale = 2.000V +0.999 | + 1.000} + 1.001 | +0.9999} + 1.0000} + 1.0001 Reading 
Voltage Near Full Scale) 


Linearity Over + Full Scale | —2V < Vin < +2V a 
Noise (P-P Value Not Vin = OV 


(Error of Reading from 
—2V < Vin Ss +2V 
Exceeded 95% of Time) =| Full Scale = 200.0 mV 


Differential Linearity 
(Difference between Worse 
Case Step of Adjacent 
Counts and Ideal Step) 


—Vin = +Vin ~ 2V 
in Reading for Equal 
Positive & Negative 


Zero Reading Drift Vin = OV 

0< Ta < 50°C 
(Note 4) 
Vin = +2V 

0< Ta < 50°C 
(Note 4) 

(Ext. Ref. 0 ppm/°C) 


Best Straight Line) 
Leakage Curentatinput_ |Viv=O0V | 


Scale Factor Temperature 
Coefficient 


NOTE: All typical values have been characterized but are not tested. 
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SYSTEM ELECTRICAL. CHARACTERISTICS: 8052/71C03 
vtt = +15V, vt = +5V, V7 = —15V,; Ta = 25°C, Clock Frequency Set for 3 Reading/Sec.) 


Lae | Sea ee 
CMe eae ne 


Zero Input Reading VIN = 0.0V Digital 
+ + - +0.00 
| Full Scale = 2.0000 |e ee ee eee renee’ | Reading 
Ratiometric Reading Vin = VREF Digital 
+0, +1.0 ae So 99} + 1.0000} + 1.0001 
(Note 3) Full Scale = 2.000V sia oe uy! Canes vee Reading 


Linearity Over + Full Scale | —2V < Vin s +2V 
(Error of Reading from 1 COUNTS 
Best Straight Line) 
—2V < Vin < +2V 
COUNTS 
—Vin = +Vin ~ 2V 
4 


Differential Linearity 
(Difference between Worse 
Case Step of Adjacent 
Counts and Ideal Step) 


Rollover Error Difference 
in Reading for Equal 
Positive & Negative 
Voltage Near Full Scale) 


1s ICL8052/ICL71C03, ICL8068/ICL71C03 


Noise (P—P Value not 
Exceeded 95% of Time) 


Vin = OV 
Full Scale = 2.000V 


Full Scale = 200.0 mV 
Leakage Current at Input Vin = OV a ee 


Zero Reading Drift Vin = OV 
0<T, < 70°C 


Scale Factor Vin = +2V 
Temperature Coefficient 0<T, < 70°C 
(Ext. Ref. 0 ppm/°C) 


NOTES 1: Tested in 31, digit (2,000. count) circuit shown in Figure 7, clock frequency 12 kHz. Pin 2 71C03 connected to GND. 
2: Tested in 41% digit (20,000 count) circuit shown in Figure 7, clock frequency 120 kHz. Pin 2 71CO3A open. 
' 3: Tested with a low dielectric absorption integrating capacitor. See Component Selection Section. 


. 4: The temperature range can be extended to + 70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher 
leakage of the 8068. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 3: Functional Block Diagram 


DETAILED DESCRIPTION 
Analog Section 


Figure 4 shows the equivalent Circuit of the Analog Sec-. 


tion of both the ICL71C03/8052 and the ICL71C03/8068 in 
the 3 different phases of operation. If the RUN/HOLD pin is 
left open or tied to V*, the system will perform conversions 
at a rate determined by the clock frequency: 40,002 at 41% 
digit and 4002 at 31 digit clock periods per cycle (see Fig: 
ure 5 for details of conversion timing. 


1. AUTO-ZERO PHASE | (Figure 4A) 


During Auto-Zero, the input of the buffer is connected to 
Vrer through switch 2, and switch 3 closes a loop around 
the integrator and comparator, the purpose of which is to 
charge the auto-zero capacitor until the integrator output 
does not change with time. Also, switches 1 and 2 recharge 
the reference capacitor to Vp_r. 


2. INPUT INTEGRATE PHASE Il (Figure 4B) | 


During Input Integrate the auto-zero loop is opened and 
the ANALOG INPUT is connected to the BUFFER INPUT 
through switch 4 and Crer. If the input signal is zero, the 
buffer, integrator and comparator will see the same voltage 


NOTE: All typical values have been characterized but are not tested. 


that existed in the previous state (Auto-Zero). Thus, the in- 
tegrator output will not change but will remain stationary 
during the entire Input Integrate cycle. If Vix is not equal to 
zero, an unbalanced condition exists compared to the. Auto- 
Zero phase, and the integrator will generate a ramp whose 


slope is proportional.to Viy. At the end of this phase, the 


sign of the ramp is latched into the polarity F/F. 
3. DEINTEGRATE PHASE Il (Figures 4C and 4D). 


During the Deintegrate phase, the switch drive logic uses 
the output of the polarity F/F in determining whether to 


_ Close switch 6 or 5. If the input signal is positive, switch 6 is 
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closed and a voltage which is Vref more negative. than 
during Auto-Zero is impressed on the BUFFER INPUT. Neg- 
ative Inputs will cause + 2(Vpef) to be applied to the BUFF- 
ER INPUT via switch 5. Thus, the reference capacitor gen- 
erates the equivalent of-a (+) or (—) reference from the 
single reference voltage with negligible error. The reference 
voltage returns the output of the integrator to the zero- 
crossing point established in Phase |. The time, or number 
of counts, required to do this is proportional to the input 
voltage. Since the Deintegrate phase can be twice as long 
as the Input Integrate phase, the input voltage required to 
give a full scale reading is 2 Vrgr. 
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Figure 4D: Phase III — Deintegrate 
Figure 4: Analog Section of Either 1CL8052 or ICL8068 with ICL71C03 


NOTE: All typical values have been characterized but are not tested. 
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Figure 5: Conversion Timing 


Zero-Crossing Flip-Flop 
Figure 6 shows the problem that the zero-crossing F/F is 
designed to solve. 


CLOCK 
PULSE 


._—— FEEDTHROUGH 


/ 


TRUE ZERO 
CROSSING 


FALSE ZERO 
CROSSING 


0439-9 
Figure 6: Integrator Output Near Zero-Crossing 


NOTE: All typical values have been characterized but are not tested. 


The integrator output is approaching the zero-crossing 
point where the count will be latched and the reading dis- 
played. For a 20,000 count instrument, the ramp is changing 
approximately 0.50 mV per clock pulse (10V max integrator 
output divided by 20,000 counts). The clock pulse feed- 
through superimposed upon this ramp would have to be 
less than 100 pV peak to avoid causing significant errors. 


The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half- 
clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by one count in every in- 
stance, and if a correction were not made, the display would 
always be one count too high. Therefore the counter is dis- 
abled for one clock pulse at the beginning of phase 3. This 
one count delay compensates for the delay of the zero- 
crossing flip-flop, and allows the correct number to be 
latched into the display. Similarly, a one count delay at the 
beginning of phase 1 gives an overload display of 0000 in- 
stead of 0001. No delay occurs during phase 2, so that true 
ratiometric readings result. 
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DETAILED DESCRIPTION 
Digital Section 


The 71C03 includes several pins which allow it to operate 
conveniently in more sophisticated systems. These include: 


1. 414/31, (Pin 2). When high (or open) the internal counter 
operates as a full 414 decade counter, with a complete 
measurement cycle requiring 40,002 counts. When held 
low, the least significant decade is cleared and the clock is 
fed directly into the next decade. A measurement cycle now 
requires only 4,002 clock pulses. All 5 digit drivers are ac- 
tive in either case, with each digit lasting 200 counts with 
Pin 2 high (414 digit) and 20 counts for Pin 2 low (31% digit). 
2. RUN/HOLD) (Pin 4). When high (or open) the A/D will 
free-run with equally spaced measurement cycles every 
40,002/4,002 clock pulses. If taken low, the converter will 
continue the full measurement cycle that it is doing and then 
hold this reading as long as Pin 4 is held low. A short posi- 
tive pulse (greater than 300 ns) will now initiate a new mea- 
surement cycle beginning with up to 10,001/1,001 counts of 
auto zero. Of course if the pulse occurs before the full mea- 
surement cycle (40,002/4,002 counts) is completed, it will 
not be recognized and the converter will simply complete 
the measurement it is doing. An external indication that a 
full measurement cycle has been completed is that the first 
STROBE pulse (see below) will occur 101/11 counts after 
the end of this cycle. Thus, if RUN/HOLD is low and has 
been low for at least 101/11 counts, the converter is hold- 
ing and ready to start a new measurement when pulsed 
high. 

3. STROBE (Pin 18). This is a negative-going output pulse 
that aids in transferring the BCD data to external latches, 
UARTs or microprocessors. There are 5 negative-going 
STROBE pulses that occur in the center of each of the digit 
drive pulses and occur once and only once for each mea- 
surement cycle starting 101/11 pulses after the end of the 
full measurement cycle. Digit 5 (MSD) goes high at the end 
of the measurement cycle and stays on for 201/21 counts. 
In the center of this digit pulse (to avoid race conditions 
between changing BCD and digit drives) the first STROBE 
pulse goes negative for 14 clock pulse width. Similary, after 
Digit 5, Digit 4 goes high (for 200/20 clock pulses) and 100/ 
10 pulses later the STROBE goes negative for the second 
time. This continues through Digit 1 (LSD) when the fifth 
and last STROBE pulse is sent. The digit drive will continue 
to scan (unless the previous signal was over-range) but no 
additional STROBE pulses will be sent until a new measure- 
ment is available. 


NOTE: All typical values have been characterized but are not tested. 


4. BUSY (Pin 28). BUSY goes high at the beginning of sig- 
nal integrate and stays high until the first clock pulse after 
zero-crossing (or after end of measurement in the case of 
an OVER-RANGE). The internal latches are enabled (i.e., 
loaded) during the first clock pulse after BUSY and are 
latched at the end of this clock pulse. The circuit automati- 
cally reverts to auto-zero when not BUSY so it may also be 
considered an A-—Z signal. A very simple means for trans- 
mitting the data down a single wire pair from a remote loca- 
tion would be to AND BUSY with clock and subtract 
10,001/1,001 counts from the number of pulses received— 
as mentioned previously there is one “NO-count’ pulse in 
each Reference Integrate cycle. 


5. OVER-RANGE (Pin 4). This pin goes positive when the 
input signal exceeds the range (20,000/2,000) of the con- 
verter. The output F-F is set at the end of BUSY and is 
reset to zero at the beginning of Reference Integrate in the 
next measurement cycle. 


6. UNDER-RANGE (Pin 13). This pin goes positive when 
the reading is 9% of range or less. The output F—F is set at 
the end of BUSY (if the new reading is 1800/180 or less) 
and is reset at the beginning of Signal Integrate of the next 
reading. 

7. POLARITY (Pin 3). This pin is positive for a positive input 
signal. It is valid even for a zero reading. In other words, 
+0000 means the signal is positive but less than the least 
significant bit. The converter can be used as a null detector 
by forcing equal (+) and (—) readings. The null at this point 
should be less than 0.1 LSB. This output becomes valid at 
the beginning of Reference Integrate and remains correct 
until it is revalidated for the next measurement. 


8. Digit Drives (Pins 19, 24, 25, 26 and 27). Each digit 
drive is a positive-going signal which lasts for 200/20 clock 
pulses. The scan sequence is Ds (MSD), D4, D3, Da and Dy 
(LSD). All five digits are scanned even when operating in 
the 31% digit mode, and this scan is continuous unless an 
OVER-RANGE occurs. Then all Digit drives are blanked 
from the end of the STROBE sequence until the beginning 
of Reference Integrate, at which time Ds will start the scan 
again. This gives a blinking display as a visual indication of 
OVER-RANGE. 


9. BCD (Pins 20, 21, 22 and 23). The Binary coded decimal 
bit Bg, B4, Bo and B, are positive logic signals that go on 
simultaneously with the Digit driver. 
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Figure 7: Timing Diagram for Outputs 
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NOTE: All typical values have been characterized but are not tested. 
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COMPONENT VALUE SELECTION 


For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 


Integrating Resistor 


The integrating resistor is determined by the full scale in- 
put voltage and the output current of the buffer used to 
charge the integrator capacitor. This current should be 
small compared to the output short circuit current such that 
thermal effects are kept to a minimum and linearity is not 
affected. Values of 5 pA to 40 pA give good results with a 
nominal of 20 pA. The exact value may be chosen by 


Full Scale Voltage 
20 pA 
*NOTE: If gain is used in the buffer amplifier then— 
__ (Buffer Gain) (Full Scale Voltage) 
7 20 pA 


Integrating Capacitor 


The product of integrating resistor and capacitor is select- 
ed to give 9V swing for full scale inputs. This is a compro- 
mise between possibly saturating the integrator (at + 14V) 
due to tolerance build-up between the resistor, capacitor 
and clock and the errors a lower voltage swing could induce 
due to offsets referred to the output of the comparator. In 
general, the value of Ciyt is given by 


RINT = 


Rint 


1000 (31/ Digit) 
Integrator Output Voltage Swing 


A very important characteristic of the integrating capaci- 
tor is that it has low dielectric absorption to prevent roll-over 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor with the input tied to the reference. 


This ratiometric condition should read half scale 1.0000, 
and any deviation is probably due to dielectric absorption. 
Polypropylene capacitors give undetectable errors at rea- 
sonable cost. Polystyrene and polycarbonate capacitors 
may be used in less critical applications. 


10,000 (4% Digit) . Clock Period) x (20 pA) 
CINE = +> ca i dieeeeee 


#15V -15V 100 ka 


TO ICL71C03 


BUF OUT 


Auto-Zero and Reference Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system, with a larger value capacitor 
giving less noise. The reference capacitor should be large 
enough such that stray capacitance to ground from its 
nodes is negligible. 


When gain is used in the buffer amplifier the reference 
capacitor should be substantially larger than the auto-zero 
capacitor. As a rule of thumb, the reference capacitor 
should be approximately the gain times the value of the 
auto-zero capacitor. The dielectric absorption of the refer- 
ence cap and auto-zero cap are only important at power-on 
or when the circuit is recovering from an overload. Thus, 
smaller or cheaper caps can be used here if accurate read- 
ings are not required for the first few seconds of recovery. 


Reference Voltage 


The analog input required to generate a full scale output 
is Vin = 2 Veer. 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. For this rea- 
son, it is recommended that an external high quality refer- 
ence be used where the ambient temperature is not con- 
trolled or where high-accuracy absolute measurements are 
being made. 


Buffer Gain 


At the end of the auto-zero interval, the instantaneous 
noise voltage on the auto-zero capacitor is stored and sub- 
tracted from the input voltage while adding to the reference 
voltage during the next cycle. The result of this is that the 
noise voltage is effectively somewhat greater than the input 
noise voltage of the buffer itself during integration. By intro- 
ducing some voltage gain into the buffer, the effect of the 
auto-zero noise (referred to the input) can be reduced to the 
level of the inherent buffer noise. This generally occurs with 
a buffer gain of between 3 and 10. Further increase in buffer 
gain merely increases the total offset to be handled by the 
auto-zero loop, and reduces the available buffer and inte- 
grator swings, without improving the noise performance of 
the system. The circuit recommended for doing this with the 
ICL8068/ICL71C03 is shown in Figure 8. 


~INT IN th INT OUT 
° 1 s 


COMPARATOR 


4 
] 
! 
i 
’ 
4 B 2 : 
U 
' 
4 


Figure 8: Adding Buffer Gain to the ICL8068 


NOTE: All typical values have been characterized but are not tested. 


ICL8052/ICL71C03, ICL8068/ICL71C0O3 


ICL8052/ICL71C03, ICL8068/ICL71C03 


ICL8052/ICL71C03, ICL8068/ICL71C03 _ 


ICL8052 vs ICL8068 


The ICL8052 offers significantly lower input leakage: cur- 
rents than the ICL8068, and may be found preferable in 
systems with high input impedances. However, the ICL8068 
has substantially lower noise voltage, and is the device of 
choice for systems where noise is a limiting factor, particu- 
larly in low signal level conditions. 


Max Clock Frequency 


The maximum conversion rate of most dual-slope A/D 
converters is limited by the frequency response of the com- 
parator. The comparator in this circuit is no exception, even 
though it is entirely NPN with an open-loop gain-bandwidth 
product of 300 MHz. The comparator output follows the in- 
tegrator ramp with a 3 ys delay, and at a clock frequency of 
160 kHz (6 ps period) half of the first reference integrate 
clock period is lost in delay. This means that the meter 
reading will change from 0 to 1 with a 50 pV input, 1 to 2 
with 150 pV, 2 to 3 at 250 pV etc. This transition at mid- 
point is considered desirable by most users. However, if the 
clock frequency is increased appreciably above. 160 kHz, 
the instrument will flash ‘1’’ on noise peaks even when the 
input is shorted. 


For many dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 


be a limitation. Since the non-linearity and noise do not in- 


crease substantially with frequency, clock rates of up to ap- 


proximately 1 MHz may be used. For a fixed clock frequen- . 


cy, the extra count or counts caused by comparator delay 
will be a constant and can be subtracted out digitally. 


The minimum clock frequency is established by leakage 


on the auto-zero and reference caps. With most devices, ~ 


measurement cycles as long as 10 seconds give no mea- 
surable leakage error. 


To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- 
quencies of 300 kHz, 200 kHz, 150:kHz, 120 kHz, 100 kHz, 
40 kHz, 3314 kHz, etc. should be selected. For 50 Hz rejec- 
tion, oscillator frequencies of 250 kHz, 1662, KHz, 125 kHz, 
100 kHz, etc. would be suitable. Note that 100 kHz (2.5 
readings/second) will reject both 50 Hz and 60 Hz. 


The clock used should be free from significant phase or 
frequency jitter. A simple two-gate oscillator and one based 
on a CMOS 7555 timer are shown in the Applications sec- 
tion. The multiplexed output means that if the display takes 
significant current from the logic supply, the clock should 
have good PSRR. 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS 


Specific Circuits Using the 8068/71C03 
8052/71C03. 


Figure 9 shows the complete circuit for a +41%4 digit 
(+200.0 mV full scale) A/D converter with LED readout us- 
ing the internal reference of the 8068/52. If an external ref- 
erence is used, the reference supply (pin 7) should be con- 
nected to ground and the 300 pF reference cap deleted. 
The circuit also shows a typical RC input filter. Depending 
on the application, the time-constant of this filter can be 
made faster, slower, or the filter deleted completely. The Y ~ 
digit LED is driven from the 7 segment decoder, with a zero 
reading blanked by connecting a D5 signal to RBI input of 
the decoder. 


A voltage translation network is connected between the 
comparator output of the 8068/52 and the auto-zero input 
of the 71C03. The purpose of this network is to assure that, 
during auto-zero, the output of the comparator is at or near 
the threshold of the 71C03 logic (+2.5V) while the auto- 
zero capacitor is being charged to Vag (+ 100.0 mV fora 
200.0 mV instrument). Otherwise, even with zero volts in, 
some reference integrate period would be required to drive 
the comparator output to the threshold level. This would 
show up as an equivalent offset error. Once the divider net- 
work has been selected, the unit-to-unit variation should 
contribute less than a tenth of a count error. A second fea- 
ture is the back-to-back diodes, used to lower the noise. In 
the normal operating mode they offer a high impedance and 
long integrating time constant to any noise pulses charging 
the auto-zero cap. At startup or recovery from an overload, 
their impedance is low to large signals so that the cap can 
be charged up in one auto-zero cycle. The buffer gain does 
not have to be set precisely at 10 since the gain is used in 
both the integrate and deintegrate phase. For scale factors 
other than 200.00 mV the gain of the buffer should be 
changed to give a + 2V buffer output. For 2.0000V full scale 
this means unity gain and for 20,000 mV (1 wV resolution) a 
gain of 100 is necessary. Not all 8068As can operate prop- 
erly at a gain of 100 since their offset should be less than 
10 mV in order to accommodate the auto-zero circuitry. 
However, for devices selected with less than 10 mV offset, 
the noise performance is reasonable with approximately 
1.5 pV near full scale. On all scales less than 200.00 mV, 
the voltage translation network should be made adjustable 
as an offset trim. 
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Figure 9: 8052A (8068A)/71C03A 41/4 Digit A~D Converter 


The auto-zero cap should be 1 pF for all scales and the. 


reference capacitor should be 1 pF times the gain of the 
buffer amplifier. At this value if the input leakages of the 
8052/8068 are equal, the droop effects will cancel giving 
zero Offset. This is especially important at high temperature. 
Some typical component values are shown in the table be- 
low. For 31 digit conversion use 12 kHz clock. 

vt* = +15v, Vt = 5V,V~ = —15V 

Clock Freq. = 120 kHz (41% Digit) or 12 kHz (314 Digit) - 


NOTE: All typical values have been characterized but are not tested. 


Buffer Gain 
eC + RB2) 


ia ad 
B2 

i ee Ee eae 
ee ee 


*Note comment on offset limitations above. Buffer gain 
does not improve ICL8052 noise performance adequately. 
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A suitable circuit for driving a plasma-type display is elements, and can be omitted if not needed. The 2K and 3K 
shown in Figure 10. The high voltage anode driver buffer is resistors set the current levels in the display. A similar ar- 
made by Dionics. The 3 AND gates and caps driving “BI” rangement can be used with ‘‘Nixie’® tubes. 
are needed for interdigit blanking of multiple-digit display Nixie® is a registered trademark of Burroughs Corporation. 


y* 


DM8880 


PROG 


RBO 
RBI BI D 
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8052A/ 


068A 71CO3A 


Figure 10: ICL8052-8068/71C03A Plasma Display Circuit 


NOTE: All typical values have been characterized but are not tested. 
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ANALOG AND DIGITAL GROUNDS 


Extreme care must be taken to avoid ground loops in the 
layout of 8068 or 8052/71C03A circuits, especially in high 
sensitivity circuits. It is most important that return currents 
from digital loads are not fed into the analog ground line. 
Both of the above circuits have considerable current flowing 
in the digital ground returns from drivers, etc. A recom- 
mended connection sequence for the ground lines is shown 
in Figure 11. 


Other Circuits for Display Applications 


Popular LCD displays can be interfaced to the Output of 
the ICL71C03 with suitable display drivers, such as the 
1CM7211A as shown in Figure 12. A standard CMOS 4000 
series LCD driver circuit is used for displaying the 14 digit, 
the polarity, and the “overrange” flag. A similar circuit can 
be used with the ICM7212A LED driver. Of course, another 
full driver circuit could be ganged to the one shown if re- 
quired. This would be useful if additional annunciators were 
needed. 


Figure 12 shows the complete circuit for a 4% digit 
(+2.000V) A/D, again using the internal reference of the 
8052A/8068A. 


BUFFER 
OUT 


BUFFER 


“IN 
ICL71C03 il (IF USED) 
PIN 11 


ANALOG GND 


8068 PIN 2 
COMPARATOR 


DIGITAL 
LOGIC DIGITAL GROUND 


ICL71C03 
PIN 15 


oO. 
DEVICE PIN 


Figure 13 shows a more complicated circuit for driving 
LCD displays. Here the data is latched into the ICM7211 by 
the STROBE signal and “Overrange”’ is indicated by blank- 
ing the 4 digits. A clock oscillator circuit using the ICM7555 
CMOS timer is shown. Some other suitable clock circuits 
are suggested in Figures 14 and 15. The 2-gate circuit 
should use CMOS gates to maintain good power supply re- 
jection. 


A problem sometimes encountered with the 8052/68/ 
71C03 A/D is that of gross over-voltage applied to the in- 
put. Voltage in excess of + 2.000V may cause the integrator 
output to saturate. When this occurs, the integrator can no 
longer source (or sink) the current required to hold the sum- 
ming junction (Pin 11) at the voltage stored on the auto zero 
capacitor. As a result, the voltage across the integrator ca- 
pacitor decreases sufficiently to give a false voltage read- 
ing. This problem can also show up as large-signal instabili- 
ty on overrange conditions. A simple solution to this prob- 
lem is to use junction FET transistors across the integrator 
capacitor to source (or sink) current into the summing junc- 
tion and prevent the integrator amplifier from saturating, as 
shown in Figure 16. 


REFERENCE 
VOLTAGE 


ANALOG SUPPLY 
EXTERNAL 
REFERENCE BYPASS CAPACITORS 


(IF USED) +15V -15V 


ICL8052/68 | il 
PIN 5S 


ANALOG GND 


VREF 


ANALOG 
SUPPLY 
RETURN 


DIGITAL 
SUPPLY 
RETURN 


aa 


+5V SUPPLY BYPASS CAPACITOR(S) 


Figure 11: Grounding Sequence 


NOTE: All typical values have been characterized but are not tested. 
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Figure 12: Driving LCD Displays 


NOTE: All typical values have been characterized but are not tested. 
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4-1/2 DIGIT LCD DISPLAY 
28 SEGMENTS D1-D4 
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Figure 13: 414 Digit LCD DPM with Digit Blanking on Overrange 


NOTE: All typical values have been characterized but are not tested. 
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100 pF 


Figure 14: CMOS Oscillator 
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Figure 16: Gross Overvoltage Protection Circuit 


INTERFACING WITH UARTS 
AND MICROPROCESSORS 


Figure 17 shows a very simple interface between a free- 


running 8068/8052/71C03A and a UART. The five 


STROBE pulses start the transmission of the five data 
words. The digit 5 word is OO0OXXXX, digit 4 is 1000XXXxX, 
digit 3 is 0100XXXxX, etc. Also the polarity is transmitted 
indirectly by using it to drive the Even Parity Enable Pin 
(EPE). It EPE of the receiver is held low, a parity flag at the 
receiver can be decoded as a positive signal, no flag as 
negative. A complex arrangement is shown in Figure 16. 
Here the UART can instruct the A/D to begin a measure- 
ment sequence by a word on RRI. The Busy signal resets 
the Data Ready Reset (DRR). Again STROBE starts the 
transmit sequence. A quad 2 input multiplexer is used to 
superimpose polarity, over-range, and under-range onto the 
Ds word since in this instance it is known that Bo = By = 
Bg =0. 


NOTE: All typical values have been characterized but are not tested. 
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For correct operation it is important that the UART clock 
be fast enough that each word is transmitted before the 
next STROBE pulse arrives. Parity is locked into the UART 
at load time but does not change in this connection during 
an output stream. 


Circuits to interface the 71C03(A) directly with three pop- 
ular microprocessors are shown in Figures 19, 20 and 21. 
The main differences in the circuits are that the IM6100 with 
its 12 bit word capability can accept polarity, over-range, 
under-range, 4 bits of BCD and 5 digits simultaneously 
where the 8080/8048 and the MC6800 groups with 8 bit 
words need to have polarity, over-range and under-range 
multiplexed onto the Digit 5 word—as in the UART circuits. 
In each case the microprocessor can instruct the A/D when 
to begin a measurement and when to hold this measure- 
ment. 
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APPLICATION NOTES A023 “Low Cost Digital Panel Meter Designs,” by David 


A016 ‘Selecting A/D Converters,” by David Fullagar ee ane ene aH iingahe ROEoA 
A017 ‘The Integrating A/D Converters,” by Lee Evans n026 uilding an _Auto-Ranging sing Me O0R2 


A018 “Do’ a: Donte of-AsolinG A/D: neni 7103A A/D Converter Pair,” by Larry Goff 
o’s and Dont’s of Applying onverters,” by . ‘3 
Peter Bradshaw and Skip Osgood ROO5 ‘Interfacing Data Converters & Microprocessors, 


by Peter Bradshaw et al, Electronics, Dec. 9, 1976 
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TO RECEIVING UART 


TRO 


UART 
IM6402/3 


TBR 


a a ee a ee ee 


4 03 D2 OD, By Bo By Bg 


STROBE 


biel ICL8052/ICL71C03, ICL8068/ICL71C03 


71C03/A 


RUN/HOLD 


Figure 17: Simple 71C03/71C03A to UART Interface 
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1¥Y 2Y 3Y 
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Ds 
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Figure 18: Complex 71C03/7103A to UART Interface 


NOTE: All typical values have been characterized but are not tested. 
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READ 1 


IM610+ 


STROBE 
71C03(A) 


RUN/HOLD 


0439-22 


MC680X 


Be 


E 
RUN/R 
1 HOLD STROBE 


0439-25 
Figure 21: ICL71C03 to MCS-48, -80, -85 Interface 


‘Figure 20: ICL71C03 to MC6800, 
MCS650X Interface 


NOTE: All typical values have been characterized but are not tested. 


2-28 


ICL8052/ICL71C03, ICL8068/ICL71C03 


ICL71C03 
with ICL8052/8068 
INTEGRATING A/D CONVERTER’ EQUATIONS 


The ICL71C03 does not have an internal crystal or RC integrator Output Voltage 
oscillator. It has a clock input only. (tint) (int) 
Integration Period . VINT = Cac 
10,000 - 
tin, = ———— (41% Digit) Vint Typically = 9.0V 
foLock Display Count 
VIN 
1,000 oe Count = 10,000 x ——— (41% Digit 
tint = 5 (31 Digit) Vrer | eon 
CLOCK 
Integration Clock Period Count = 1,000 x VIN (314 Digit) 
tcLock = 1/fcLock _ VREF 
60 Hz/50 Hz Rejection Criterion NOTE: The 414 digit mode’s LSD will be output as a zero in 


the 314 digit mode. 
Output Type: 
4 Nibbles BCD with Polarity and Overrange 


tint/teo Hz OF tint/tso Hz = Integer 
Optimum Integration Current 


lint = 20.0 pA 
Full Scale Analog Input Voltage come ore PEs POON aay 
Vines Typ. = 200 mV to 2.0V = 2 Vagr Seen 
Integrate Resistor: vt = +5.0V 
Ree (Buffer Gain) < Vinrs Auto Zero Capacitor Values 
NT 0.01 uF < Caz < 1.0 pF 
Integrate Capacitor Reference Capacitor Value 
ee cnt’ (lint) Crer = (Buffer Gain) < Caz 
_ Vint 


Signal Reference 

Auto Zero Integrate Integrate 

(Counts) (Fixed Count) (Counts) 
30,001-10,001 10,000 1-20,001 (4-1/2 Digit) 
3,001-1,001 1,000 1~2,001 (3-1/2 Digit) 


Total Conversion Cycle Time (toony) 
(in Continous Mode) 


tconv = 40,002 * tcLock (4¥2 Digit Mode) 
tconv = 4,002 * tcLock (3/2 Digit Mode) 


integrator Output 


NOTE: All typical values have been characterized but are not tested. 
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ICL7106/ICL7107 


GENERAL DESCRIPTION 


The Harris ICL7106 and 7107 are high performance, low 
power 31/-digit A/D converters containing all the necessary 
active devices on a single CMOS I.C. Included are seven- 
segment decoders, display drivers, a reference, and a 
clock. The 7106 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7107 will 
directly drive an instrument-size light emitting diode (LED) 
display. ; 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10pV, zero drift of less 
than 1p,V/°C, input bias current of 10 pA max., and rollover 
error of less than one count. True differential inputs and 
reference are useful in all systems, but give the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. Finally, the true 
economy of single power supply operation (7106), enables 
a high performance panel meter to be built with the addition 
of only 10 passive components and a display. 


ORDERING INFORMATION 


ICL7106CPL O°C to +709C 
ICL7106RCPL O°C to +70°C 
‘ICL7106CM44 O°C to +70°C 


0° to +70°C 
0°C to +70°C 
O°C to +70°C 


ICL7107CPL 
ICL7107RCPL 
ICL7107CM44 


NOTE 1: “R” indicates device with reversed leads. 


0335-1 
Figure 1: Pin Configurations 


Temperature 
Part Number Range Package Display Type 


40-Pin Plastic DIP 
40-Pin Plastic DIP (Note 1) 
44-Pin Surface Mount 


40-Pin Plastic DIP 
40-Pin Plastic DIP (Note 1) 
44-Pin Surface Mount 


ICL7106/ICL7107 
31%—Digit LCD/LED 


Single-Chip A/D Converter 


FEATURES 


® Guaranteed Zero Reading for 0 Voits Input on All 
Scales 


© True Polarity at Zero for Precise Null Detection 
© 1pA Typical Input Current 
© True Differential Input and Reference 


© Direct Display Drive — No External Components 
Required — LCD ICL7106 
— LED ICL7107 


© Low Noise - Less Than 15.V p-p 

® On-Chip Clock and Reference 

© Low Power Dissipation - Typically Less Than 10mW 
® No Additional Active Circuits Required 

© New Small Outline Surface Mount Package Available 


Direct Drive LCD 
Direct Drive LCD 
Direct Drive LCD 


Common Anode LED 
Common Anode LED 
Common Anode LED 


ICL7106CM44 (LCD) 
ICL7107CM44 (LED) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


301650-—004 


ABSOLUTE MAXIMUM RATINGS 


ICL7106/ICL7107 


Power Dissipation (Note 2) 


Ceramic: Package 22 S20 eh. G is tawineseraseniex 1000mW 
supply Voltage = Plastic Package-DIP ............ 0. cece eee eee 800mW 
ICT NOG s VE TOM Hs 6 odin tears 5G ead be bape aie ee 15V 
Plastic Package-SOIC ................200 eee 600mW 
IGL7107;.V © 10 GND iccces chin vs ees eae eo eb +6V : : 2 
- Operating Temperature ................... 0°C to + 70°C 
ICE 7107,.V- 2 10 GND * 4 aster eens vee notane ais -—9V Stopade: Teinserntlire 65°C to + 150°C 
Analog Input Voltage (either input)(Note 1) ..... Vt toV- head TCnpeenae (Soldering, 10sec) 300°C 
Reference Input Voltage (either input) ......... V+ toV- sa |G aa SOS iL 
Clock Input 
CIF VOBS 5 asi bree ay ens etn ie dearer ele ge TEST to Vt 
TOL PTO incl k, eed aoe RG eetRe e OA A GND to Vt 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTES 1: Input voltages may exceed the supply voltages provided the input current is limited to + 100pA. 


2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


ELECTRICAL CHARACTERISTICS | (Note 3) 


Zero Input Reading LL an 200.0mV — 000.0 + 000.0 +000.0 | Digital Reading 
Ratiometric Reading Vin = VREF | a0 999/1000 1000 Digital Reading 


Vrer= 100mV 
Rollover Error (Difference in $2 44 Counts 
reading for equal positive and 
Linearity (Max. deviation from Full scale = 200.0mV 
=] £2 +1 t 
best straight line fit) or full scale = 2.000V (Note 6) pa fee | ot | coum 


negative inputs near Full Scale) 
Common Mode Rejection Ratio Vom= £1V, Vin=0V 
(Note 4) Full Scale = 200.0mV 


—ViIn= + Vin =200.0mV 


Leakage Current Input Vin = 0 (Note 6) ae ee ae 10 


0°<T,< 70°C (Note 6) 
Scale Factor Temperature Vin = 199.0mV 
Coefficient 0°<T,a<70°C 


(Ext. Ref. Oppm/°C) (Note 6) 


V+ Supply Current (Does not 
include LED current for 7107) 


Temp. Coeff. of Analog Common 
(With respect to Pos. Supply) 


25k2. between Common & 
Pos. Supply 


NOTE: All typical values have been characterized but are not tested. 
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ICL7106/ICL7107 


ICL7106/ICL7107 


ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


a ee 


7106 ONLY 

Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 
(Note 5) 


7107 ONLY V+ =5.0V 
Segment Sinking Current Segment voltage = 3V 
(Except Pin 19 & 20) 


(Pin 19 only) 
(Pin 20 only) 


NOTES 3: Unless otherwise noted, specifications apply to both the 7106 and 7107 at Ta= 25°C, fotock = 48kHz. 7106 is tested in the circuit of Figure 2. 7107 is 
tested in the circuit of Figure 3. 


4: Refer to “Differential Input’ discussion. 


5: Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. 


6: Not tested, guaranteed by design. 


TEST CIRCUITS 


(eee maaan 


-~'oOoag 


0335-3 | 


Figure 2: 1ICL7106 Test Circuit and Typical 
Application With Liquid Crystal Display 
Components Selected for 200mV Full Scale 


0335-4 
Figure 3: ICL7107 Test Circuit and Typical 
Application With LED Display 
Components Selected for 200mV Full Scale 


NOTE: All typical values have been characterized but are not tested. 
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ICL7106/ICL7107 


29 127 


INTEGRATOR 


TO DIGITAL SECTION 


COMPARATOR 


Figure 4: Analog Section of 7106/7107 


DETAILED DESCRIPTION 


Analog Section 


Figure 4 shows the Analog Section for the ICL7106 and 
7107. Each measurement cycle is divided into three phas- 
es. They are (1) auto-zero (A/Z), (2) signal integrate (INT) 
and (3) de-integrate (DE). 

Auto-zero phase 


During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer ampilifi- 
er, integrator, and comparator. Since the comparator is in- 
cluded in the loop, the A/Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than 10,V. 


Signal Integrate phase 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range: up to one volt from either sup- 
ply. If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat- 
ed signal is determined. 


De-integrate phase 


The final phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 
put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 


NOTE: All typical values have been characterized but are not tested. 
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capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time ro- 
quired for the output to return to zero is proportional to tho 
input signal. Specifically the digital reading displayed is 
1000 (su), 

VREF 


Differential Input 


The input can accept differential voltages anywhere with- 
in the common mode range of the input amplifier, or specifi- 
cally from 0.5 volts below the positive supply to 1.0 volt 
above the negative supply. In this range, the system has a 
CMRR of 86 dB typical. However, care must be exercised to 
assure the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator positive when 
most of its swing has been used up by the positive common 
mode voltage. For these critical applications the integrator 
output swing can be reduced to less than the recommended 
2V full scale swing with little loss of accuracy. The integrator 
output can swing to within 0.3 volts of either supply without 
loss of linearity. See Application Note A032 for a discussion 
of the effects of stray capacitance. 


Differential Reference 


The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci- 
ty on its nodes. If there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for posi- 
tive or negative input voltage will give a roll-over error. How- 
ever, by selecting the reference capacitor such that it is 


ICL7106/ICL7107 


ICL7106/ICL7107 


large enough in comparison to the stray capacitance, this 
error can be held to less than 0.5 count worst case. (See 
Component Value Selection.) 


Analog COMMON 


This pin is included primarily to set the common mode 
voltage for battery operation (7106) or for any system where 
the input signals are floating with respect to the power sup- 
ply. The COMMON pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, analog COMMON has some of the attri- 
butes of a reference voltage. When the total supply voltage 
is large enough to cause the zener to regulate (>7V), the 
COMMON voltage will have a low voltage coefficient 
(0.001%/V), low output impedance (= 152), and a temper- 
ature coefficient typically less than 80ppm/°C. 


The limitations of the on-chip reference should also be 
recognized, however. With the 7107, the internal heating 
which results from the LED drivers can cause some degra- 
dation in performance. Due to their higher thermal resist- 
ance, plastic parts are poorer in this respect than ceramic. 
The combination of reference Temperature Coefficient 
(TC), internal chip dissipation, and package thermal resist- 


ance can increase noise near full scale from 25 pV to 


80,:Vp-p. Also the linearity in going from a high dissipation 
count such as 1000 (20 segments on) to a low dissipation 
count such as 1111(8 segments on) can suffer by a count or 
more. Devices with a positive TC reference may require 
several counts to pull out of an overrange condition. This is 
because overrange is a low dissipation mode, with the three 
least significant digits blanked. Similarly, units with a nega- 
tive TC may cycle between overrange and a nonoverrange 
count as the die alternately heats and cools. All these prob- 
lems are of course eliminated if an external reference is 
used. 


The 7106, with its negligible dissipation, suffers from 
none of these problems. In either case, an external refer- 
ence can easily be added, as shown in Figure 5. 


7106/7107 


REF HIF 


Figure 5: Using an External Reference 


NOTE: All typical values have been characterized but are not tested. 
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Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in- 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt- 
age from the converter. The same holds true for the refer- 
ence voltage. If reference can be conveniently tied to ana- 
log COMMON, it should be since this removes the common. 
mode voltage from the reference system. 


Within the IC, analog COMMON is tied to an N channel 
FET that can sink approximately 30mA of current to hold 
the voltage 2.8 volts below the positive supply (when a load 
is trying to pull the common line positive). However, there is 
only 104A of source current, so COMMON may easily be 
tied to a more negative voltage thus over-riding the internal 
reference. . 


TEST 


The TEST pin serves two functions. On the 7106 it is 
coupled to the internally generated digital supply through a 
5002. resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 6 and 7 show such an 
application. No more than a 1mA load should be applied. 


, TO LCD 
INTERSIL DECIMAL POINT 


171750 


,TOLCD 
BACK PLANE 


0335-7 
Figure 6: Simple inverter for Fixed Decimal Point 
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POINT 
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Figure 7: Exclusive ‘OR’ Gate for 
Decimal Point Drive 
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Figure 8: Digital Section 7106 0335-9 
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Figure 9: Digital Section 7107 


NOTE: All typical values have been characterized but are not tested. 
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The second function is a “lamp test”. When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read — 1888. The TEST pin will sink about 
10mA under these conditions. | 


Caution: on the 7106, in the lamp test mode, the seg- 
ments. have a constant DC voltage (no square-wave) and 
may burn the LCD display if left in this mode for several 
minutes. 


DIGITAL SECTION 


Figures 8 and 9 show the digital section for the 7106 and 
7107, respectively. In the 7106, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the rela- 
tive large capacitive currents when the back plane (BP) volt- 


‘age is switched. The BP frequency is the clock frequency 


divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The seg- 
ments are driven at the same frequency and amplitude and 


‘are’'in phase with BP when OFF, but out of phase when ON. 
In all cases negligible DC voltage exists across the seg- 


ments. 
Figure 9 is the Digital Section of the 7107. It is identical to 


_ the 7106 except that the regulated supply and back plane 


drive have been eliminated and the segment drive has been 
increased from 2 to 8 mA, typical for instrument size com- 


~ mon anode LED displays. Since the 1000 output (pin 19) 


must sink current from two LED segments, it has twice the 
drive capability or 16mA. 

In both devices, the polarity indication is “on” for nega- 
tive analog inputs: If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. . 


System Timing | 


Figure 10- shows the .clocking arrangement used in the 
7106 and 7107. Three basic clocking arrangements can be 
used: 


1. An external oscillator connected to pin 40. 
2. Accrystal between pins 39 and 40. 
3. An R-C oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes:a complete measure cycle of 4,000 
counts (16,000 clock pulses) independent of input voltage. 


For three readings/second, an oscillator frequency of — 


48kHz would be used. 


To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre- 
quencies of 240kHz, 120kHz, 80kHz, 60kKHz, 48kHz, 40kHz, 
3313kHz, etc. should be selected. For 50Hz rejection, Oscil- 
lator frequencies of 200kHz, 100kHz, 6624 kHz, 50kHz, 
40kHz, etc. would be suitable. Note that 40kHz (2.5 read- 
ings/second) will reject both 50 and 60Hz (also 400 and 
440Hz). 


NOTE: All typical values have been characterized but are not tested. 
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TEST 7106 


3. RC OSCILLATOR 
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Figure 10: Clock Circuits 


COMPONENT VALUE SELECTION 


Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage: with 100A -of quiescent ‘current. They can 
supply 4A of drive current with negligible non-linearity. The 


- integrating resistor should be large enough to remain in this 


very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full scale, 470k. is near optimum 
and similarly a 47kQ. for a 200.0 mV scale. 


Integrating Capacitor 


The integrating capacitor should be selected to give the 
maximum voltage swing. that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 voit from ei- 
ther supply). In the 7106 or the 7107, when the analog 
COMMON is used as a reference, a nominal +2 volt full 
scale integrator swing is fine. For the 7107 with +5 volt 
supplies and analog COMMON tied to supply ground, a 
+3.5 to +4 volt swing is nominal. For three readings/sec- 
ond (48kHz clock). nominal values for Cjjy7 are 0.22uF and 
0.10uF, respectively. Of course, if different oscillator fre- 
quencies are used, these values should be changed in in- 
verse proportion to maintain the same output swing. 


An additional requirement of the integrating capacitor is 
that it must havea low dielectric absorption to prevent roll- 
over errors. While other types of. capacitors are adequate 
for this application, polypropylene capacitors give undetect- 
able errors at reasonable cost. 


Auto-Zero Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mvV full scale where 
noise is very important, a 0.47F capacitor is recommend- 
ed. On the 2 voit scale, a 0.047F capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 


Reference Capacitor 


A 0.1pF capacitor gives good results in most applica- 
tions. However, where a large common mode voltage exists 
(i.e. the REF LO pin is not at analog COMMON) and a 
200mvV scale is used, a larger value is required to prevent 
roll-over error. Generally 1.0F will hold the roll-over error 
to 0.5 count in this instance. 


Oscillator Components 


For all ranges of frequency a 100k0 resistor is recom- 
mended and the capacitor is selected from the equation 


0.45 
f =FC° For 48kHz clock (3 readings/second), C= 100pF. 


Reference Voltage 


The analog input required to generate full-scale output 
(2000 counts) is: Viy=2VpRe_er. Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal 100.0 mV and 1.000 volt, 
respectively: However, in many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV; the designer should use the input voltage di- 
rectly and select Vag¢f=0.341V. Suitable values for inte- 
grating resistor and capacitor would be 120k and 0.22yF. 
This makes the system slightly quieter and also. avoids a 
divider network on the input. The 7107 with +5V supplies 
can accept input signals up to +4V. Another advantage of 
this system occurs when a digital reading of zero is desired 
for Vin+0. Temperature and weighing systems with a vari- 
able.tare are examples. This offset reading can be conve- 
niently generated by connecting the voltage transducer be- 
tween IN HI and COMMON and the variable (or fixed) offset 
voltage between COMMON and IN LO. 


7107 Power Supplies 


The 7107 is designed to work from +5V supplies. How- 
ever, if a negative supply is not available, it can be generat- 
ed from the clock output with 2 diodes, 2 capacitors, and an 
inexpensive |.C. Figure 11 shows this application. See 
ICL7660 data sheet for an alternative. 


NOTE: All typical values have been characterized but are not tested. 
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0335-12 
Figure 11: Generating Negative Supply 
from +5V 


In fact, in selected applications no negative supply is re- 
quired. The conditions to use a single + 5V supply are: 


1. The input signal can be referenced to the center of 
the common mode range of the converter. 


2. The signal is less than +1.5 volts. 
3. An external reference is used. 


TYPICAL APPLICATIONS 


The 7106 and 7107 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili- 
ty of these A/D converters. 


Set ye 100.0mV 


CREFTE | 
CREFT_ J 
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0.47 uF 
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0335-13 
Figure 12: 7106 using the internal reference. 
Values'shown are for 200.0 mV full scale, 
3 readings per second, floating supply 
voltage (9V battery). 
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To pin 1 
40 


osc 11) — 
osc 2 A A, TOOKED 
osc 3) 
restr 
REF HIT] 


REF LOT | 
CREF 1K) 22K 

C REFT 
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0335-14 
Figure 13: 7107 using the internal reference. 
Values shown are for 200.0mvV full scale, 3 
readings per second. IN LO may be tied to either 
COMMON for inputs floating with respect to 
supplies, or GND for single ended inputs. (See 
discussion under Analog COMMON.) 


7107 
a, 


To pin 1 
40 


osc 117] 
osc fo AA 100K 
Osc 3777 
TesT Ty) 100pF 
KO # 
REF HIT | 10K12 10K) 


REF LOT | 
c ner tor 
CREF i 

COMMON [| 


Set Vrer = 100.0mvV 


1.2V (1CL8069) 
1M) 
O01 


Figure 14: 7107 with an external band-gap 
reference (1.2V type). IN LO is tied to COMMON, 
thus establishing the correct common mode 
voltage. If COMMON is not shorted to GND, the 
input voltage may float with respect to the 
power supply and COMMON acts as a pre- 
regulator for the reference. If COMMON is 
shorted to GND, the input is single ended 
(referred to supply ground) and the pre- 
regulator is over-ridden. 


NOTE: All typical values have been characterized but are not tested. 
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SetVreF 100.0mv | 


0335-16 
Figure 15: 7107 with Zener diode reference. 
Since low T.C. zeners have breakdown voltages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 15, INLO 
may be tied to either COMMON or GND. 
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0335-17 
Figure 16: 7106/7107: Recommended — 
component values for 2.000V full scale. 


To pin 1 
40 


osc 11) 
Osc 2 a np 100K! 
osc 3) 
Test 100pF 
REF HIT) 


td 
REF LOT] 
Shsetiages 


7107 
ay, 


SetVreF 100.0mV 
7 


P31.2V (ICL 8069) 
Mi) 


) TO DISPLAY 


- 0335-18 
Figure 17: 7107 operated from single + 5V 
supply. An external reference must be used in 
this application, since the voltage between Vt 
and V— is insufficient for correct operation of 
the internal reference. 


TO DISPLAY 
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Figure 18: 7107 measuring ratiometric values of 
Quad Load Cell. The resistor values within the 
bridge are determined by the desired sensitivity. 


NOTE: All typical values have been characterized but are not tested. 


2-39 


ICL7106/ICL7107 


To pin 1 
40 


osc 11] 
osc 2 A Ok 


osc 3F 7 Scale factor adjust 


7106 
a, 


TESTE |} ee Silicon NPN 
REF HIT ee MPS 3704 or 


REF LOT] OOK!) similar 
CREF") 
esr en 
INH | : zero adjust 
IN LO 
az }— 
eurF A7KA) 
INTE | 
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G2 B ’ 
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at pre DISPLAY 
G3 f ] 
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0335-20 
Figure 19: 7106 used as a digital centigrade 
thermometer. A silicon diode-connected 
transistor has a temperature coefficient of 
about — 2mV/°C. Calibration is achieved by 
placing the sensing transistor in ice water and 
adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor potentiometer 
adjusted for 100.0 reading. 
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Figure 20: Circuit for developing Underrange 
and Overrange signals from 7106 outputs. 
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APPLICATION NOTES 

A016 “Selecting A/D Converters”, by David Fullagar. 

A017 ‘The Integrating A/D Converter’, By Lee Evans. 

A018 ‘Do's and Don’ts of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood. 

A023 ‘Low Cost Digital Panel Meter Designs”, by David 
Fullagar and Michael Dufort. 


A032 “Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106/7/9 Family”, by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the 1CL7106”, by Larry Goff. 

A052 “Tips for Using Single-Chip 314-Digit A/D Convert- 

ers”, by Dan Watson. 
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Figure 21: Circuit for developing Underrange 
and Overrange signals from 7107 outputs. The 
LM339 is required to ensure logic compatibility 
with heavy display loading. 
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0335-23 
Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference level to ensure 
compatibility with most op-amps. 


NOTE: All typical values have been characterized but are not tested. 
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0335-24 
Figure 23: Display Buffering for increased drive current. Requires 
four DM7407 Hex Buffers. Each buffer is capable of sinking 40 mA. 


NOTE: All typical values have been characterized but are not tested. 
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ICL7106/07 
INTEGRATING A/D CONVERTER 
EQUATIONS 


ICL7106/ICL7107 


Oscillator Frequency 
fosc = 0.45/RC 
Cosc > 50pF; Rosc > 50KN 
fosc typ. = 48KHz 
Oscillator Period 
tosc = RC/0.45 
Integration Clock Frequency 
fcLock = fosc/4 
Integration Period 
tint = 1000 X< (4/fosc) 
60/50 Hz Rejection Criterion 
tint/teonz OF tint/tsoHz = Integer 
Optimum Integration Current 
lint = 4.0uA 


- Full Scale Analog Input Voltage 


Vines Typically = 200mV or 2.0V 
Integrate Resistor 


Vv 
Rint = INES 
INT 


Integrate Capacitor 


Cre — (“inTilint) 
: VINT 


Integrator Output Voitage Swing 


Visio: (tint) (lint) 
INT = Cnt 


Vint Maximum Swing: 


(V— + 0.5V) < Vint < (Vt — 0.5V) 


Vint typically = 2.0V 
Display Count 


Vv 
COUNT = 1000 x —! 
VREF 


Conversion cycle 
tcyc = tcLock < 4000 
tcyc = tosc < 16,000 
when fosc = 48KHzZ; tcyc = 333mS 


Common Mode Input Voltage 


(V— + 1.0V) < Vin < (Vt — 0.5V) 
Auto Zero Capacitor 

0.01uF < Caz < 1.0 pF 
Reference Capacitor 

0.1uF < Cre < 1.0 pF 


Vcom 
Biased between V+ and V-. 


Vcom = Vt —2.8V 


Regulation lost when V* to V- < =6.4V. 


If Vcom is externally pulled down to 
(Vt to V—)/2, the Vooy circuit will 
turn off. ; 

ICL7106 Power Supply: Single 9V 
V+ —V- = QV 
Digital supply is generated internally 
Venn = Vt —4.5V 

ICL7106 Display: LCD 
Type: Direct drive with digital 
logic supply amplitude. 

ICL7107 Power Supply: Dual +5.0V 
V+ = +5.0V to GND 
V- = —5.0V to GND 
Digital Logic and LED driver supply 
V+ to GND 


ICL7107 Display: LED 
Type: Non-Multiplexed Common Anode 


AUTOZERO INTEGRATE DEINTEGRATE 
(COUNTS) (FIXED COUNT) (COUNTS) 
2999=1000 1000 0-1999 


Total Conversion Time = 4000 * tcLock =1 6,000 * tosc 
0335-26 
Figure 24 


NOTE: All typical values have been characterized but are not tested. 
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‘GENERAL DESCRIPTION 


The Harris 1CL7116 and 7117 are high performance, low 
power 3-14 digit A/D converters. All the necessary active 
devices are contained on a single CMOS I.C., including sev- 
en segment decoders, display drivers, reference, and a 
clock. The 7116 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7117 will 
directly drive an instrument-size common anode light emit- 
ting diode (LED) display. 

The 7116 and 7117 have almost all of the features of the 
7106 and 7107 with the addition of a HoLD Reading input. 
With this input, it is possible to make a measurement and 
then retain the value on the display indefinitely. To make 
room for this feature the reference input has been refer- 
enced to Common rather than being fully differential. These 
circuits retain the accuracy, versatility, and true economy of 
the 7106 and 7107. They feature auto-zero to less than 
10uV, zero drift of less than 1pV/°C, input bias current of 
10pA maximum, and roll over error of less than one count. 
The versatility of true differential input is of particular advan- 
tage when measuring load cells, strain gauges and other 
bridge-type transducers. And finally, the true economy of 
single power supply operation (7116) enables a high per- 
formance panel meter to be built with the addition of only 
eleven passive components and a display. 


ICL7116 (LCD) 
1CL7117 (LED) 
9 32 


211) BP/GND 
(7116)(7117) 
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1ICL7116/7117 

314-Digit LCD/LED 
Single-—Chip A/D Converter 
with Display Hold 


FEATURES 

© HoLD Reading Input Allows Indefinite Display Hold 
® Guaranteed Zero Reading for 0 Volts Input 

© True Polarity at Zero for Precise Null Detection 

© 1pA Input Current Typical 

® True Differential Input 


® Direct Display Drive — No External Components 
Required — LCD ICL7116 
— LED ICL7117 


@ Low Noise — Less Than 15..V pk-pk Typical 

® On-Chip Clock and Reference 

® Low Power Dissipation — Typically Less Than 10mW 
© No Additional Active Circuits Required 

© New Small Outline Surface Mount Package Available 


ORDERING INFORMATION 
Part Temperature Dis play 
Number Range Package Type 
1CL71 16CPL 10° to +70°C | 40 Pin Plastic DIP 
ICL7116CM44 | O°C to+70°C | 44 Pin Surface Mount 


ICL7117CPL |0°Cto+70°C | 40 Pin Plastic DIP 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


ICL7116/7117 


-| Noise (Pk — Pk value not exceeded | Vix =OV 
95% of time) Full Scale = 200.0mV 


| include LED current for 7117) 


ICL7116 | 1CL7117 

Supply Voltage (V+ toV-) ..... BAe neenatns Gries 15V Supply Voltage Vt ow... ccc ccc ec eens cece nseens +6V 
Analog Input Voltage (either input) (Note 1) ..... Vt tov- Ve Beas ea eee oars —9V 
Reference Input Voltage (either input) ......... Vt toV- Analog Input Voitage (either input) (Note 1) ..... V+ toV- 
BLDA; Clock Input: sssasteccics ease kei asaeus Test to Vt Reference Input Voltage (either input) ......... Vt toV-. 
Power Dissipation (Note 2) HLDA; Clock Input. °... vce ceive sae wenews Gndto V+ ° 

Ceramic Package .............-.eceeeeeeees 1000mW Power Dissipation (Note 2) 

Plastic Package ......... 0... cece cee eee cee eee 800mW Ceramic Package ...........6...c cece e eee 1000mW 
Operating Temperature ................... 0°C to + 70°C Plastic Package <4 4s isees i vewas sees nu cew ness 800mW 
Storage Temperature ................ —65°C to + 150°C Operating Temperature ................... 0°C to + 70°C 
Lead Temperature (Soldering, 10sec) ............. 300°C Storage Temperature ................ —65°C to + 150°C 


Lead Temperature (Soldering, 10sec) ............. 300°C 


‘Note 1: Input voltages may exceed the supply voltages provided the input current is limited to + 100pA. 


Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. - 


ELECTRICAL CHARACTERISTICS (Note 3) 


[Parameter ————s[__—“Fest Conditions ——([|_ min | typ | Max | Unit 


Vin=0.0V ws 
- + 
Zero Input Reading Full Scale= 200.0mV 000.0 +000.0 Digital Reading | 
990 999/1000 1000 Digital Reading 
Rollover Error (Difference in 
: a +0.2 
reading for equal positive and 
Linearity (Max. deviation from Full Scale= 200mV 
— +0. C 
best straight line fit) or Full-Scale = 2.000V (Note 7) : 
Common Mode Rejection Ratio «© | Vom=+1V, Vin=OV, 
(Note 4) . Full Scale = 200.0mV 


+ 000.0 


| Vin | & 200.0mV 


: a | Vin=VREF 
R R 
atiometric Reading Veer = 100mV 
aoa ae +0. +1 
negative reading near Full Scale) 


+ 


hi |] 


4 


Leakage Current @ Input Vin = OV (Note 7) 1 


eae Vin=0 
Zero Reading Drift 0°C<T, <70°C (Note 7) 


Scale Factor Temperature Vin=199.0mV — 
Coefficient 0°C<Ta<70°C 
(Ext. Ref. Oppm/°C) (Note 7) 


V= Supply Curent(7117onyy | | 06 | 

Analog Common Voltage (With 25k. between COMMON 24 

respect to pos. supply) & pos. Supply ; 

Temp. Coeff. of Analog Common 25k0. between COMMON 

(with respect to pos. Supply) & pos. Supply 

Input Resistance, Pini (Notes) | || 
Vit, Pin 1 (7116 only) i Se 


V+ Supply Current (Does not 


—_—b 


mh 


TEST + 1.5 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


TestConditions | in| Typ | Max | Unit 
Vin, Pin 1 (7117 onty) Saeeeeaeeeies Eaeeaee ae GND+1.5 =e 


Vin» Pin 1 (Both) 


7116 ONLY 
Pk-Pk Segment Drive Voltage 

Pk-Pk Backplane Drive Voltage 
(Note 5) 


7117 ONLY 
Segment Sinking Current 
(Except Pin 19 and 20) 
(Pin 19 only) 
(Pin 20 only) 


Vt =5.0V 


Segment Voltage = 3V 


NOTES: 3. Unless otherwise noted, specifications apply to both the 7116 and 7117 at Ta=25°C, fotocyn = 48KHz. 7116 is tested in the circuit of Figure 2. 7117 is 

tested in the circuit of Figure 3. 

4. Refer to ‘Differential Input” discussion. 

5. Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mvV. 

6. The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an internal pull-down 
resistor connected from HLDR, pin 1 to GROUND, pin 21. 

7. Not tested, guaranteed by design. 


TEST CIRCUITS 
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Figure 3: 1CL7117 Test Circuit and Typical 
Application With LED Display 


0338-3 


Figure 2: 1CL7116 Test Circuit and Typical 
Application With Liquid Crystal Display 


NOTE: All typical values have been characterized but are not tested. 
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1CL7116/7117 


DETAILED DESCRIPTION 


Analog Section 
Figure 4 shows the Analog Section for the ICL7116 and 


7117. Each measurement cycle is divided into three phas- | 


es. They are (1) auto-zero (A/Z), (2) signal integrate (INT) 
and (3) de-integrate (DE). . 


Auto-zero phase 


During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi- 
er, integrator, and comparator. Since the comparator is in- 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than 10yV. 


Signal Integrate phase 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 


1CL7116/7117 


low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat- 
ed signal is determined. . . 


De-integrate phase 


The final phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 
put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 

Vin 
Wen (=). 


TO DIGITAL SECTION 


COMPARATOR 


Figure 4: Analog Section of 7116/7117 


NOTE: All typical values have been characterized but are not tested. 
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Differential Input 


The input can accept differential voltages anywhere with- 
in the common mode range of the input amplifier; or specifi- 
cally from 0.5 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of typically 86dB. However, since the integrator also 
swings with the common mode voltage, care must be exer- 
cised to assure the integrator output does not saturate. A 
worse case condition would be a large positive common- 
mode voltage with a near full-scale negative differential in- 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accura- 
cy. The integrator output can swing to within 0.3 volts of 
either supply without loss of linearity. See Application Note 
A032 for a discussion of the effects of stray capacitance. 


Reference 


The reference input must be generated as a positive volt- 
age with respect to COMMON. Note that current flowing in 
the COMMON pins’ internal resistance causes a slight shift 
in the effective reference voltage, disturbing ratiometric 
readings at low reference inputs. If possible, do not let this 
current vary. 


Analog COMMON 


This pin is included primarily to set the common mode 
voltage for battery operation (7116) or for any system where 
the input signals are floating with respect to the power sup- 
ply. The COMMON pin sets a voltage that is approximately 
2.8 volts less than the positive supply. This is selected to 
provide proper operation with a minimum end-of-life battery 
voltage of about 6V. However, analog COMMON does have 
some of the attributes of a reference voltage. When the 
total supply voltage is large enough to cause the zener to 
regulate (>7V), the COMMON voltage will have a low volt- 
age coefficient (.001%/V), low output impedance (= 1592), 
and a temperature coefficient typically less than 80ppm/°C. 


The limitations of the on-chip reference should also be 
recognized, however. With the 7117, the internal heating 
which results from the LED drivers can cause some degra- 
dation in performance. Due to their higher thermal resist- 
ance, plastic parts are poorer in this respect than ceramic. 
The combination of reference Temperature Coefficient 
(TC), internal chip dissipation, and package thermal resist- 
ance can increase noise near full scale from 25uV to 
80,.Vpk-pk. Also the linearity in going from a high dissipa- 
tion count such as 1000 (20 segments on) to a low dissipa- 
tion count such as 1111 (8 segments on) can suffer by a 
count or more. Devices with a positive TC reference may 
require several counts to pull out of an overload condition. 
This is because overload is a low dissipation mode, with the 
three least significant digits blanked. Similarly, units with a 
negative TC may cycle between overload and a nonover- 
load count as the die alternately heats and cools. All these 
problems are of course eliminated if an external reference is 
used. 


The 7116, with its negligible dissipation, suffers from 
none of these problems. In either case, an external refer- 
ence can easily be added, as shown in Figure 5. 


NOTE: All typical values have been characterized but are not tasted. 
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Analog COMMON is also the voltage that input low re- 
turns to during auto-zero and de-integrate. If IN LO is differ- 
ent from analog COMMON, a common mode voltage exists 
in the system and is taken care of by the excellent CMRR of 
the converter. However, in some applications IN LO will be 
set at a fixed known voltage (power supply common for in- 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common mode volt- 
age from the converter. 


7116/7117 


REF Hi 
1.2V REFERENCE 


7116/7117 


0338-6 
Figure 5: Using an External Reference 


Within the IC, analog COMMON is tied to an N channel 
FET that can sink 30mA or more of current to hold the volt- 
age 2.8 volts below the positive supply (when a load is try- 
ing to pull the common line positive). However, there is only 
10yA of source current, so COMMON may easily be tied to 
a more negative voltage thus over-riding the internal refer- 
ence. 


TEST 


The TEST pin serves two functions. On the 7116 it is 
coupled to the internally generated digital supply through a 
5002 resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 6 and 7 show such an 
application. No more than a 1mA load should be applied. 


, TOLCD 
INTERSIL DECIMAL POINT 


1T1750 


, TOLCD 
BACK PLANE 


0338-7 
Figure 6: Simple Inverter for Fixed Decimal Point 
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Figure 7: Exclusive ‘OR’ Gate for 
Decimal Point Drive 


The second function is a “lamp test”. When TEST is 
pulled to high (to V+) all segments will be turned on and the 
display should read — 1888. [Caution: on the 7116, in the 
lamp test mode, the segments have a constant DC voit- 
age (no square-wave) and will burn the LCD display if 
left in this mode for several minutes.] 


DIGITAL SECTION 


Figures 8 and 9 show the digital section for the 7116 and 
7117, respectively. In the 7116, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the rela- 
tive large capacitive currents when the back plane (BP) volt- 
age is switched. The BP frequency is the clock frequency 
divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The seg- 
ments are driven at the same frequency and amplitude and 
are in phase with BP when OFF, but out of phase when ON. 
In all cases negligible DC voltage exists across the seg- 
ments. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9 is the Digital Section of the 7117. It is identical to 
that of the 7116 except the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8mA, typical for instrument size com- 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. 


In both devices the polarity indicator is ON for negative 
analog inputs. This can be reversed by simply reversing IN 
LO and IN HI. 


HOLD Reading Input 


The HLDR input will prevent the latch from being updated 
when this input is at a logic “1”. The chip will continue to 
make A/D conversions, however, the results will not be up- 
dated to the internal latches until this input goes low. This 
input can be left open or connected to TEST (7116) or 
GROUND (7117) to continuously update the display. This 
input is CMOS compatible, and has a 70k typical resist- 
ance to either TEST (7116) or GROUND (7117). 


ICL7116/7117 


DISPLAY FONT 


ICL7116/7117 
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Figure 8: Digital Section 7116 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: Digital Section 7117 


System Timing 
Figure 10 shows the clocking arrangement used in the 


7116 and 7117. Three basic clocking arrangements can be 
used: 


1. Anexternal oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. AnR-C oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 


To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre- 
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz, 
331/,kHz, etc. should be selected. For 50Hz rejection, Oscil- 
lator frequencies of 200kHz, 100kHz, 6624kHz, 50kHz, 
40kHz, etc. would be suitable. Note that 40kHz (2.5 read- 
ings/second) will reject both 50 and 60Hz (also 400 and 
440H7z). 


NOTE: All typical values have been characterized but are not tested. 


3. RC OSCILLATOR 


0338-11 
Figure 10: Clock Circuits 
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COMPONENT VALUE SELECTION 


Integrating Resistor 


Both the buffer amplifier and the integrator have a class A 
output stage with 100A of quiescent ‘current. They can 
supply 20nA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volts full scale, 470k is near 
optimum and similarly a 47k© resistor is optimum for a 
200.0mV scale. 


Integrating Capacitor 


The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from ei- 
ther supply). In the 7116 or the 7117, when the analog 
COMMON is used as a reference, a nominal +2 volt full 
scale integrator swing is fine. For the 7117 with +5 volt 
supplies and analog common tied to supply ground, a +3.5 
to +4 volt swing is nominal. For three readings/second 
(48kHz clock), nominal values for Cjy7 are 0.22uF and 
0.10uF, respectively. Of course, if different oscillator fre- 
quencies are used, these values should be changed in in- 
verse proportion to maintain the same output swing. 


An additional requirement of the integrating capacitor is it 
have low dielectric absorption to prevent roll-over errors. 
While other types of capacitors are adequate for this appli- 
cation, polypropylene capacitors give undetectable errors at 
reasonable cost. 


Auto-Zero Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mvV full scale where 
noise is very important, a 0.47,F capacitor is recommend- 
ed. On the 2 volt scale, a 0.047F capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 


Reference Capacitor 

A 0.1pF capacitor gives good results in most applica- 
tions. If rollover errors occur a larger value, up to 1.0uF may 
be required. 
Oscillator Components 

For all ranges of frequency a 100k resistor is recom- 


mended and the capacitor is selected from the equation - 


0.45 
=a" For 48kHz clock (3 readings/second), C= 100pF. 


Reference Voltage 


The analog input required to generate full-scale output 
(2000 counts) is: Vin=2Vpre_r. Thus, for the 200.0mV and 
2.000 volt scale, Vagr should equal 100.0mV and 1.000 
volt, respectively. However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 


NOTE: All typical values have been characterized but are not tested. 
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digital reading. For instance, in a weighing system, the de- 
signer might like to have a full scale reading when the voit- 
age from the transducer is 0.682V. Instead of dividing the 
input down to 200.0mV, the designer should use the input 
voltage directly and select Vagr=0.341V. Suitable values 
for integrating resistor and capacitor would be 120k. and 
0.22uF. This makes the system slightly quieter and also 
avoids a divider network on the input. The 7117 with +5 


volts supplies can accept input signals up to +4 volts. An- . 


other advantage of this system occurs when a digital read- 


ing of zero is desired for Vijjy~0. Temperature and weighing: 


systems with a variable tare are examples. This offset read- 
ing can be conveniently generated by connecting the volt- 
age transducer between IN HI and COMMON and the vari- 


able (or fixed) offset voltage between COMMON and IN LO. - 


7117 Power Supplies 


The 7117 is designed to work from +5 volt supplies. 
However, if a negative supply is not available, it can be gen- 
erated from the clock output with 2 diodes, 2 capacitors, 
and an inexpensive |.C. Figure 11 shows this application. 
See ICL7660 data sheet for an alternative. 


0338-12 


Figure 11: Generating Negative Supply 
from + 5v 


In fact, in selected applications no negative supply is re- 
quired. The conditions to use a single +5V supply are: 


1. The input signal can be referenced to the center of 
the common mode range of the converter. 


2. The signal is less than + 1.5 volts in magnitude. 
3. An external reference is used. 


TYPICAL APPLICATIONS 


The 7116 and 7117 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili- 
ty of these A/D converters. 


1CL7116/7117 


1CL7116/7117 


Set VREF = 100.0mV 


TO DISPLAY 


TO BACK PLANE 


0338-13 
Figure 12: 7116 using the internal reference. 
Values shown are for 200.0mV full scale, 
3 readings per second, floating supply 
voltage (9V battery). 


Set VREF = 100.0mV 
Ys 


22Ki) 


MQ 


er 


Figure 13: 7117 using the internal reference. 
Values shown are for 200.0mV full scale, 3 
readings per second. IN LO may be tied to either 
COMMON for inputs fioating with respect to 
supplies, or GND for single ended inputs. (See . 
discussion under Analog Common.) 


NOTE: All typical values have been characterized but are not tested. 
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7416/7117 


Set VREF = 1.000V 


)To DISPLAY 


0338-15 
Figure 14: 7116/7117: Recommended 
component values for 2.000V full scale. 


Set VaEF = 100.0mV 


1.2V (ICL 8069) 
IMO 
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Figure 15: 7117 operated from single + 5V 
supply. An external reference must be used in 


this application, since the voltage between Vt 


and V— is insufficient for correct operation of 
the internal reference. 
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0338-18 
Figure 17: 7116 used as a digital centigrade 
. , aaeee thermometer. A silicon diode-connected 
Figure 16: 7117 measuring ratiometric values of | — transistor has a temperature coefficient of 
musa leat Celine resistor valuce within the about — 2mV/°C. Calibration is achieved by 
bridge are determined by the desired sensitivity. placing the sensing transistor in ice water and 
adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor potentiometer 
adjusted for 100.0 reading. 


APPLICATION NOTES 

A016 ‘Selecting A/D Converters,” by David Fullagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 “Do's and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs,” by David 
Fullagar and Michael Dufort. 

A032 ‘Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 ‘Building a Battery-Operated Auto Ranging DVM 
with the ICL7106,” by Larry Goff. 

A047 ‘Games People Play with Harris’ A/D Converters,” 
edited by Peter Bradshaw. 

A052 ‘Tips for Using Single-Chip 31/2-Digit A/D Convert- 
ers,’ by Dan Watson. 


NOTE: All typical values have been characterized but are not tested. 
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ICL7116/17 


INTEGRATING A/D 


CONVERTER 


EQUATIONS 


Oscillator Frequency 
fosc = 0.45/RC 
Cosc = 50 pF; Rosc > 50 kO 
fosc typ. = 48 kHz 
Oscillator Period 
tosc = RC/0.45 
Integration Clock Frequency 
fcLock = fosc/4 
Integration Period 
tinr = 1000 X (4/fosc) 
60/50 Hz Rejection Criterion 
tint/teo Hz OF tint/tso Hz = Integer 
Optimum Integration Current. 
lint = 4.0 pA 
Full Scale Analog Input Voltage 
Vines typically = 200 mV or 2.0V 
Integrate Resistor 


Rigs (VinFs) 
INT 
INT 
Integrate Capacitor 
nee (tint)(lint) 
INT 
INT 
Integrator Output Voltage Swing 
Vics (tint)(lint) 
INT Gn 
INT 


Vint Maximum Swing: 
(V~ + 0.5V) < Vint < (Vt — 0.5V) 
Vint typically = 2.0V 

Display Count 


Vv 
COUNT = 1000 x —S- 
VREF 


AUTOZERO 
(COUNT) 


2999-1000 


INTEGRATE 
(FIXED COUNT) 


1000 


Conversion Cycle 


tcyc = tcLock < 4,000 
tcyc = tosc < 16,000 
when fosc = 48 kHz, tcyc = 333 ms 


Common Mode Input Voltage 


(V- + 1.0V) < Vin < (Vt — 0.5V) 


Auto Zero Capacitor 


0.01 uF < Caz < 1.0 nF 


Reference Capacitor 


0.1 wF < Crer < 1.0 WF 


Vcom 


Biased between V‘ andV_. 

Vcom = Vt — 2.8V 

Regulation lost when V+ to V- <= 6.4V. 

If Voom is externally pulled down to (V* to V~)/2, 
the Vooy circuit will turn off. | 


ICL7116 Power Supply: Single 9V 


V+ —V- = 9V 
Digital supply is generated internally 
Venp = Vt — 4.5V 


ICL7116 Display: LCD 


Type: Direct drive with digital 
logic supply amplitude. 


ICL7117 Power Supply: Dual +5.0V 
yt 


+5,0V to GND 
—5.0V to GND 


V- 


_ Digital Logic and LED driver supply: V* to GND. 
ICL7117 Display: LED 


Type: Non-Multiplexed Common Anode 


DEINTEGRATE 
(COUNT) 


0-1999 


Total Conversion Time = 4000 * tcLock = 16,000 * tosc 


NOTE: All typical values have been characterized but are not tested. 
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W) HARRIS ICL7126 : 


ao = 
SEMICONDUCTOR na _ 
3'4,-Digit Low-Power 5 
a a Oo 
Single-—Chip A/D Converter = 
GENERAL DESCRIPTION FEATURES 
The Harris 1CL7126 is a high performance, very low pow- ® 8,000 Hours Typical 9 Voit Battery Life 
er 374-digit A/D converter. All the necessary active devices ® Guaranteed Zero Reading for 0 Volts Input On All 
are contained on a single CMOS IC, including seven seg- Scales 


ment decoders, display drivers, reference, and clock. The 


7126 is designed to interface with a liquid crystal display o Tiueor cladly al cele terre cise Null. Detection 


(LCD) and includes a backplane drive. The supply current is © 1pA Typical Input Current 
100A, ideally suited for 9V battery operation. © True Differential Input and Reference 
The 7126 brings together an unprecedented combination ® Direct LCD Display Drive — No External Components 
of high accuracy, versatility, and true economy. It features Required 
auto-zero to less than 10,V, zero drift of less than 1pV/°C, ® Pin Compatible With The ICL7106 


input bias current of 10pA max., and rollover error of less 


than one count. The versatility of true differential input and Page ose ene anal aEN PP 


reference is useful in all systems, but gives the designer an © On-Chip Clock and Reference 
uncommon advantage when measuring load cells, strain ® Low Power Dissipation Guaranteed Less Than 1mW 
gauges and other bridge-type transducers. And finally the ® No Additional Active Circuits Required 


true economy of single power supply operation allows a 


high performance panel meter to be built with the addition ORDERING INFORMATION 


of only 10 passive components and a display. 


The ICL7126 can be used as a plug-in replacement for 
the ICL7106 in a wide variety of applications, changing only 
the passive components. 


* “R” indicates device with reversed leads. 


Temperature 
Range 


0°C to + 70°C 


1CL7126 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 2-55 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ toV~) ........ cece cece eee eee 15V Power Dissipation (Note 2) 

Analog Input Voltage (Either Input) (Note 1) .... Vt toV- Ceramic Package ............. cece cece cence 1000mW 

Reference Input Voltage (Either Input) ......... Vt toV— Plastic Package ...... SS diy GORA ona ete a enahts Sats ... 800mMW 

Clock Input ..... Sniebaromeacnny watoncouvek¢ TEST to Vt Operating Temperature ................... 0°C to + 70°C 
. Storage Temperature ................ —65°C to + 150°C 


Lead Temperature (Soldering, 10sec) ............. 300°C 
NOTE 1: Input voltages may exceed the supply voltages provided the input current is limited to + 100pA. 
NOTE 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Note 3) | 


Characteristics TestConditions | min | Typ | Max | Unit 


: Vin = 0.0V | da 
= ‘ a : + : 
Zero Input Reading Full Scale = 200.0mV 000.0 000.0 000.0 | Digital Reading 
: ; : Vin= VREF £4 oy 
R 1000 Digital R 
Ratiometric Reading Veer = 100mV 999/1000 igital Reading 


Rollover Error (Difference in 
is mat Counts 

reading for equal positive and 

negative reading near Full Scale) 

Linearity (Max. deviation from Full scale = 200mV 

- +0. + 

best straight line fit) or full scale = 2.000V oe 

Common Mode Rejection Ratio Vom= £1V, Vin=0V 

(Note 4) Full Scale = 200.0mV 

Noise (Pk - Pk value not exceeded | Vin=OV 

95% of time) Full Scale = 200.0mV 


Leakage Current @ Input 


; , Vin=0 
Zero Reading Drift 0°C<T,<70°C ze 


|—Vin |= +Vin = 200.0mV —4 


Scale Factor Temperature Vin= 199.0mV 
0°C<Ta<70°C 
(Ext. Ref. 0 ppm/°C) 


Supply Current (Does not Vin=0 

include COMMON current) (Note 6) av We MA 
Analog COMMON Voltage (With 250kN. between Common & 24 28 V 
respect to pos. supply) pos. Supply ; 


Coefficient 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 


CHARACTERISTICS TESTCONDITIONS | MIN | TYP | MAX | — UNIT 


Temp. Coeff. of Analog COMMON 250k. between Common & 
(with respect to pos. Supply) pos. Supply 


ICL7126 


Pk-Pk Segment Drive Voltage 
(Note 5) 


Pk-Pk Backplane Drive Voltage 
(Note 5) 


NOTES: 3. Unless otherwise noted, specifications apply at Ta =25°C, folock = 16kHz and are tested in the circuit of Figure 4. 
4. Refer to “Differential Input’ discussion. . 
5. Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mv. 
6. During auto zero phase, current is 10-20nA higher. 48kHz oscillator, Figure 5, increases current by 8A (typ). 
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kN or 150k. (1 reading/sec or 3 readings/sec). 


“. Burren 


TO DIGITAL SECTION 


COMPARATOR | 


COMMON o= 


Figure 2: Analog Section of 7126 


NOTE: All typical values have been characterized but are not tested. 
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TEST CIRCUITS 


: 0339-4 
Figure 3: ICL7126 with Liquid Crystal Display 


IN 
+O O- 


Set Ref = 100.0 mV 
C4 


bt s(thae IERERERE 


Figure 4: 7126 Clock Frequency 
16kHz. (1 reading/sec) 


NOTE: All typical values have been characterized but are not tested. 
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0339-6 


_ Figure 5: Clock Frequency 48kHz. 
(3 readings/sec) 


DETAILED DESCRIPTION 


Analog Section 


_ Figure 2 shows the Functional Diagram of the Analog 
Section for the ICL7126. Each measurement cycle is divid- 
ed into three phases. They are (1) auto-zero (A-Z), (2) signal 
integrate (INT) and (3) de-integrate (DE). 

Auto-zero phase 


During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi- 
er, integrator, and comparator. Since the comparator is in- 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less then 10uV. | 


Signal Integrate phase 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one Volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat- 
ed signal is determined. 


De-integrate phase 


The final phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 


put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 


V 
1000 ( IN 


VREF 


Differential Input 


The input can accept differential voltages anywhere with- 
in the common mode rante of the input amplifier; or specifi- 
cally from 0.5 Volts below the positive supply to 1.0 Volt 
above the negative supply. In this range the system has a 
CMRR of 86 db typical. However, since the integrator also 
swings with the common mode voltage, care must be exer- 
cised to assure the integrator output does not saturate. A 


worst case condition would be a large positive common- - 
mode voltage with a near-full-scale negative differential in- . 


put voltage. The negative input-signal drives the integrator: 


positive when most of its swing has.been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accura- 
cy. The integrator output can swing within 0.3 Volts of either 
supply without loss of linearity. 


Differential.Reference | 
The reference voltage can be generated anywhere within 


the power supply voltage of the converter. The main source . 


of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci- 
ty on its nodes. If there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (+) or 
(—) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari- 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition. (See Compo- 
nent Value Selection.) 


Analog COMMON 


This pin is included primarily to set the common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 2.8 
Volts more negative than the positive supply. This is select- 
ed to give a minimum end-of-life battery voltage of about 
6V. However, analog COMMON has some of the attributes 
of a reference voltage. When the total supply voltage is 
large enough to cause the zener to regulate (<7V), the 
COMMON voltage will have a low voltage coefficient 
(0.001 %/%), low output impedance (= 152), and a temper- 
ature coefficient typically less than 8Oppm/°C. 


The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper- 


NOTE: All typical values have been characterized but are not tested. 
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ature changes of 2 to 8°C, typical for instruments, can give a 
scale factor error of a count or more. Also the common 
voltage will have a poor voltage coefficient when the total 
supply voltage is less than that which will cause the zener to 
regulate (<7V). These problems are eliminated if an exter- 
nal reference is used, as shown in Figure 6. 


Figure 6: Using an External Reference 


Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in- 


stance). In this application, analog COMMON should be tied 


to the same point, thus removing the common mode volt- 
age from the converter. The: same holds true for the refer- 
ence voltage. If reference can be conveniently referenced 
to analog COMMON, it should be° since this removes the 
common mode voltage from the reference system. 


Within the |C, analog COMMON is tied to an N channel 
FET that can sink 3mA or more of current to hold the volt- 
age 2.8 Volts below the positive supply (when a load is try- 
ing to pull the common line positive). However, there is only 
124A of source current, so COMMON may easily be tied toa 
more negative voltage thus over-riding the internal refer- 
ence. 


TEST 


The TEST pin serves two functions. It is coupled:to the 
internally generated digital supply through a 5000 resistor. 


‘Thus it can be used-as the-negative supply for externally 


generated segment drivers such as decimal points or any 
other presentation:the user may want to include on the LCD 
display. Figures 7 and 8 show such an application. No more 
than a 1mA load should be applied. . 


The second function is a “lamp test.” When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read — 1888. The TEST pin will sink about 
10mA under these conditions. 


Caution: In the lamp test mode, the segments have a 
constant D-C voltage (no square-wave) and may burn 
the LCD display if left in this mode for extended peri- 
ods. 


r) 
N 
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BACK PLANE GND 


0339-8 
Figure 8: Exclusive ‘OR’ Gate for 


Figure 7: Simple Inverter for Fixed 
- Decimal Point Drive 
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DISPLAY FONT 
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Internai Digital Ground 


To Switch Drivers <—_—_________- - 
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* Three inverters. 
One inverter shown for clarity. . 


A, 38 


ee | 


Figure 9: Digital Section 


NOTE: All typical values have been characterized but are not tested. 
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DIGITAL SECTION 


Figure 9 shows the digital section for the 7126. An inter- 
nal digital ground is generated from a 6 Volt Zener diode 
and a large P channel source follower. This supply is made 
stiff to absorb the relative large capacitive currents when 
the back plane (BP) voltage is switched. The BP frequency 
is the clock frequency divided by 800. For three readings/ 
second this is a 60 Hz square wave with a nominal ampli- 
tude of 5 Volts. The segments are driven at the same fre- 
quency and amplitude and are in phase with BP when OFF, 
but out of phase when ON. In all cases negligible DC volt- 
age exists across the segments. The polarity indication is 
“ON” for negative analog inputs. If IN LO and IN HI are 
reversed, this indication can be reversed also, if desired. 


System Timing 
Figure 10 shows the clocking arrangement used in the 
7126. Three basic clocking arrangements can be used: 


1.» An external oscillator connected to pin 40. 
2. Accrystal between pins 39 and 40. 
3. An R-C oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 


3. RC OSCILLATOR 
0339-11 


Figure 10: Clock Circuits 


NOTE: All typical values have been characterized but are not tested. 
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To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- 
quencies of 60kHz, 48kHz, 40kHz, 33-14kHz, etc. should be 
selected. For 50Hz rejection, oscillator frequencies of 66- 
2/4kHz, 50kHz, 40kHz, etc. would be suitable. Note that 
40kHz (2.5 readings/second) will reject both 50 and 60Hz 
(also 400 and 440Hz). 


COMPONENT VALUE SELECTION 
Integrating Resistor 


Both the buffer amplifier and the integrator have a class A 
output stage with 6uA of quiescent current. They can sup- 
ply ~ 1pA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 Volt full scale, 1.8m is near optimum 
and similarly 180k. for a 200.0mvV scale. 


Integrating Capacitor 


The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 Volt from ei- 
ther supply). When the analog COMMON is.used as a refer- 
ence, a nominal +2 Volt full scale integrator swing is fine. 


. For three readings/second (48kHz clock) nominal values 


for Cint are 0.047pF, for 1/sec (16kHz) 0.15uF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 


The integrating capacitor should have low dielectric ab- 


‘sorption to prevent roll-over errors. While other types may 


be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. 


At three readings/sec., a 7502 resistor should be placed 
in series with the integrating capacitor, to compensate for 
comparator delay. See App. Note A017 for a description of 
the need and effects of this resistor. 


Auto-Zero Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mvV full scale where 
noise is very important, a 0.32uF capacitor is recommend- 
ed. On the 2 Volt scale, a 0.033F capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 

Reference Capacitor 

A 0.1,,F capacitor gives good results in most applica- 
tions. However, where a large common mode voltage exists 
(i.e., the REF LO pin is not analog COMMON) and a 200mV 
scale is used, a larger value is required to prevent roll-over 
error. Generally 1.0uF will hold the roll-over error to .0.5 
count in this instance. 

Oscillator Components 

For all ranges of frequency a 50pF capacitor is recom- 

mended and the resistor is selected from the approximate 


0.45 
equation f ~ RC: For 48kHz clock (3 readings/second), 
R= 180k. 
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Reference Voltage | 
The analog input required to generate full-scale output 
(2000 counts) is: Vin=2Vrer. Thus, for the 200.0mV and 
2.000 Volt scale, Vage should equal 100.0mV and 1.000 
Volt, respectively. However, in many applications where the 


A/D is connected to.a transducer;. there will exist a scale . 


factor other than unity:between the input voltage and the 


digital reading. For instance, in a weighing system, the de- ~ 


signer might like to have a full scale reading when the volt- 
age from. the. transducer is 0.682V. Instead of dividing the 
input down to 200.0mV, the designer should use the. input 
voltage directly and select VagfF = 0.341V. A suitable value 


for integrating resistor would be 330k. This makes the sys- - 


tem slightly quieter and also avoids the necessity of a divid- 
er network on the input. Anotherradvantage of this system 


occurs when a digital reading of. zero is desired for Vin +0. : 


Temperature and weighting systems with a variable tare are 


examples. This offset reading can be conveniently generat- - 


ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. | 


TYPICAL APPLICATIONS 


ICL7126. 


40 To pin 1 
oscil) 
osc 2 AA, 500K] 
osc 3) 
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C REF os 1.2V (ICL8069) 

COMMON [_] QO 
IN Ht => —___] 
INLO 01L.F 
A/z } 180K) 
BUFF T | 


INT 
vid 


G2E | 
Cc 
3 hre DISPLAY 


Set Vret = 100.0mV 
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Figure 12: 7126 with an external © 
band-gap reference (1.2V type). 


IN LO is tied to COMMON, thus establishing the | 
correct common mode voitage. COMMON acts 
as a pre-regulator for the reference. Values © 
shown are for 1 reading per second. 


The 7126 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 


To pin 1 


Set Vref = 100.0mV 


Set Vret = 1.000V 


1.8M1) 


7500 °*0.047 uF 


}. DISPLAY 


TO DISPLAY 
TO BACK PLANE . 


TO BACK PLANE 
0339-12 


Figure 11: 7126 using the internal 


reference. 0339-14 


Figure 13: Recommended component 
values for 2.000V full scale, 
_ 3readings per second. 


For 1 reading per second, delete 7500 resistor, 
change Cint, Rosc to values of Figure 12. 


Values shown are for 200.0mV full scale, 
3 readings per second, floating supply 
voltage (9V battery). 


NOTE: All typical values have been characterized but are not tested. 
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TO DISPLAY 


TQ BACK PLANE 


0339-15 
Figure 14: 7126 with Zener diode 
reference. 


Since low T.C. zeners have breakdown voltages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 


Set Vref = 100.0mV 


Toning prooKal arn 


1.2V (ICL 8069) 
1M) 


me 01uF 


TO OISPLAY 


TO BACK PLANE 


Figure 15: 7126 operated from 
single + 5V supply. 


An external reference must be used in this 
application, since the voltage between V+ and 
V— is insufficient for correct operation of the 
internal reference. 


*Values depend on clock frequency. See Figures 11, 12, 13. 


NOTE: All typical values have been characterized but are not tested. 
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0339-17 
Figure 16: 7126 measuring ratiometric 
values of Quad Load Cell. 


The resistor values within the bridge are 
determined by the desired sensitivity. 


Silicon NPN 
MPS 3704 or 
similar 


h DISPLAY 


TO BACK PLANE 


Figure 17: 7126 used as a digital 
centigrade thermometer. 


A silicon diode-connected transistor has a 
temperature coefficient of about —2mV/°C. 
Calibration is achieved by placing the sensing 
transistor in ice water and adjusting the zeroing 
potentiometer for a 000.0 reading. The sensor 
should then be placed in boiling water 
and the scale-factor potentiometer 
adjusted for 100.0 reading. 
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Figure 18: Circuit for developing Underrange and Overrange 
signals from 7126 outputs. 
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Figure 19: AC to DC Converter with 7126. Test is used as a common mode reference 
level to ensure compatibility with most op-amps. 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATION NOTES 


A016 
A017 
A018 


A023 


A032 


A046 


A052 


“Selecting A/D Converters”, by David Fullagar. 
“The Integrating A/D Converter”, by Lee Evans. 
“Do’s and Don'ts of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood. 

“Low Cost Digital Panel Meter Designs’, by David 
Fullagar and Michael Dufort. 

“Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106/7/9 Family”, by Peter 
Bradshaw. 

“Building a Battery-Operated Auto Ranging DVM 
with the ICL7106”, by Larry Goff. 

“Tips for Using Single-Chip 312-Digit A/D Convert- 
ers”, by Dan Watson. 


NOTE: All typical values have been characterized but are not tested. 
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7126 EVALUATION KIT 


After purchasing a sample of the 7126, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 


To facilitate evaluation of this unique circuit, Harris is of- 
fering a kit which contains all the necessary components to 
build a 314-digit panel meter. With the ICL7126EV/KIT and 
the small number of additional components required, an en- 
gineer or technician can have the system “up and running” 
in about half an hour. The kit contains a circuit board, a 
display (LCD), passive components, and miscellaneous 
hardware. 


© 
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| ICL7126 
INTEGRATING A/D CONVERTER 
EQUATIONS — 
Oscillator Frequency | | Display Count 
fosc = 0.45/RC = ViN_ 
Cosc > 50 PF; Rose > 50 kn COUNT = 1000 x Vrer 


fosc typ. = 48 kHz 
Oscillator Period 
tosc = RC/0.45 
Integration Clock Frequency 
fcLock = fosc/4 
Integration Period 
tint = 1000 X (4/fosc) 
60/50 Hz Rejection Criterion 
tint/teo HZ or tiny/tso Hz = Integer 
Optimum Integration Current 
lint = 1.0 pA 
Full Scale Analog Input Voltage 
Vines Typically = 200 mV or 2.0V 
Integrate Resistor 
Riyy = VINES 
NNT 
Integrate Capacitor 
ee (tint)(lint) 
VINT 
integrator Output Voltage Swing 
Vie — (INT ICiNT) 
INT Cc 
INT 
Vint Maximum Swing: 
(V— + 0.5V) < Vint < (Vt — 0.5V) 
Vint typically = 2.0V 


Conversion Cycle 
tcyc = tcLock < 4000 
tcyc = tosc < 16,000 
when fosc = 48 kHz; tcyc = 333 ms 
Common Mode Input Voltage 
(V— + 1.0V) < Vin < (V+ — 0.5V) 
Auto Zero Capacitor 
0.01 uF < Caz < 1.0 uF 
Reference Capacitor 
0.1 uF < Crepe < 1.0 pF 
Vcom 
Biased between V+ and V-. 
Vcom = Vt — 2.8V 
Regulation lost when Vt to V- <= 6.4V. 
If Vcon is externally pulled down to 
(V+ to V—)/2, the Vcoy circuit will 
turn off. 
Power Supply: Single 9V 
V+ -—-V- =9V 
Digital supply is generated internally 
Vanp = Vt — 4.5V 
Display: LCD 
Type: Direct drive with digital 
logic supply amplitude. 


AUTOZERO INTEGRATE DEINTEGRATE 
(COUNT) (FIXED COUNT) (COUNT) 
2999-1000 1000 0-1999 


Total Conversion Time = 4000 * torock = 16,000 * tose 


NOTE: All typical values have been characterized but are not tested. 
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w HARRIS ICL7129 « 
41, Digit LCD Single-Chip 5 
A/D Converter 2 
GENERAL DESCRIPTION FEATURES 
The Harris ICL7129 is a very high-performance 41/-digit @ + 19,999 Count A/D Converter Accurate to +4 Count 
analog-to-digital converter that directly drives a multiplexed © 10,V Resolution On 200mV Scale 


liquid crystal display. This single-chip CMOS integrated cir- 


cuit requires only a few passive components and a refer- ° 110dB CMRR 


ence to operate. It is ideal for high-resolution hand-held digi- * Direct LCD Display Drive 

tal multimeter applications. © True Differential Input and Reference 
The performance of the ICL7129 has not been equaled @ Low Power Consumption 

before in a single-chip A/D converter. The successive inte- ® Decimal Point Drive Outputs 


gration technique used in the ICL7129 results in accuracy 


better than 0.005% of full-scale and resolution down to 2 ovelrange and Undgerrenge Sutputs 
10V/count. ® Low Battery Detection and Indication 


The ICL7129, drawing only 1mA from a 9V battery, is well ° 10:1 Range Change Input 
suited for battery powered instruments. Provision has been ORDERING INFORMATION 


made for the detection and indication of a “LOW/BAT- 
Part Temperature 


TERY” condition. Autoranging instruments can be made 

with the ICL7129 which provides overrange and underrange 

outputs and 10:1 range changing input. The ICL7129 in- 
ICL7129CPL 0°C to + 70°C | 40-Pin Plastic DIP 
ICL7129RCPL 0°C to + 70°C | 40-Pin Plastic DIP* 
ICL7129CM44_| 0°C to +70°C | 44-Pin Surface Mount 


stantly checks for continuity, giving both a visual indication 
*"“R” indicates device with reversed leads. 


and a logic level output which can enable an external audi- 
ble transducer. These features and the high performance of 
the ICL7129 make it an extremely versatile and accurate 
instrument-on-a-chip. 


LOW BATTERY CONTINUITY 


—718.8.8.8 
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SEGMENT DRIVES DRIVES 


ANNUNCIATOR 

DRIVE 
poe SEE Te. 3 
ve y 


LATCH, DECODE Ly 
DISPLAY MULTIPLEXER oiSP 


UP/DOWN RESULTS COUNTER 
SEQUENCE COUNTER/DECODER 


CONTROL LOGIC 
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| 
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RANGE W/H CONT vt V~ DGND OR UR ODP2 DP, 
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Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
‘WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301663-004 


NOTE: All typical values have been characterized but are not tested. 2-67 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltages (Vt toV—) ........ ccc cece cee eens 15V Power Dissipation (Note 2) 

Reference Voltage (REF Hl or REF LO) ........ Vt toV— Plastic package ......... ite Rare escalated teen 800mW 

Input Voltage (Note 1) . Operating Temperature ..... ie wean S ewetl d 0°C to + 70°C 
UNGEORIN LO): 22s coueeuroetieew es deeeegs V+ toV- Storage Temperature ................ —65°C to + 150°C 

ViIGR snes besaceed sans Beats coil inc DGND —0.3V to Vt Lead Temperature (Soldering, 10sec) ............. 300°C 


Digital Input Pins 
1, 2, 19, 20, 21, 22, 27, 
Ohi 38,39, AO Shicg wil taed euwateedae saws DGND to Vt 


Note 1: Input voltages may exceed the supply voltages provided that input current is limited to + 400A. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to £1mA. . 


Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
V—- to Vt =9V, Varr=1.00V. Ta = + 25°C, foi x = 120kHz, unless otherwise noted. 


Characteristics TestConditions | Min | typ | Max | Unit 


Vin= OV = 
Zero Input Reading 200mV Scale 0000 0000 +0000 
, : Vin= OV ns 7 
anaes 0°C<Ta< +70°C Sf ws | oie 
Ratiometric Reading a pleas ecm 9996 9999 10000 
0.9999 1.0000 4.0001 a 
ae ee ee ee 
a a ee 
Pow | | we 
(V-) +15 ; 
(V+) —1.0 


Poe | 
a ee Ee 
_ 


ee 
a 
ae ee 
pe [oy 
pm 


Vin =0.10000V on Low 
Range ~ 
Vin = 1.0000V on High Range 


Rollover Error —Vin= + Vin=199mV | 
200mV Scale 


Input Common-Mode Vom = 1.0V, Vin =0V 
Rejection Ratio 200mV Scale 


Range Change Accuracy 


Input Common-Mode ViIn=0V 
Voltage Range 200mvV Scale 


Noise (p-p Value not Vin=O0V 


Exceeding 95% of Time) 200mvV Scale 
Input Leakage Current Vin = OV, Pin 32, 33 | 


Vin = 199mV 
0°C<Ta<+70°C 
External VREF = Oppm/°C 


COMMON Voltage V+ to Pin 28 

COMMON Sink Current ACommon= +0.1V 

COMMON Source Current ACommon= —0.1V 
V+ to Pin 36 

DGND Voltage V+ toV-=9V 


2.8 
DGND Sink Current ADGND= +0.5V eel 
Supply Voltage Range V+ to V- (Note 1) : . ee 


Scale Factor Tempco 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
V- to Vt =9V, Vacr=1.00V. Ta= + 25°C, fo_« = 120kHz, unless otherwise noted. (Continued) 


Characteristics Test Conditions 


Supply Current Excluding n nae 
COMMON Current wetee as 
Clock Frequency (Note 1) 


Low Battery Flag ms = 

Activation Voltage 
CONTINUITY Comparator Vout Pin 27=HI 100 
Threshold Voltages Vout Pin 27=LO 

Pull-Down Current Pins 37, 38, 39 Feel 


“Weak Output” Current Pin 20, 21 Sink/Source 
Sink/Source Pin 27 Sink/Source 


Pin 22 Source Current 
Pin 22 Sink Current 


ANNUNCIATOR DRIVE | 3] 
81,C1, CONT | 4] 


Fy, E1, OP) | 6 | 
82, C2, L0 BATT | 7| 


F2, £2, DP2 { 9} 
83, C3, MINUS |10] 
DISPLAY 
OUTPUT A3, G3, 03 [11] 
LINES 
F3, E3, DP3 | 12} 


Ba, Ca, BCs [13] 


i ae Sen 
A3, 63,03 C—1— 
F3,£3,D0P3 C— 
A4, 04,64 CI 
F4,£4,0P4 C1 


Ai,GI, 


TOP VIEW 


Figure 2: Pin Configurations 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are 


ICL7129 


LOW BATTERY CONTINUITY 


lonoona) 
(09,00,00,09 


Figure 3: Typical Application 


not tested. 
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Table 1. Pin Descriptions 


OSC1 Input to first clock inverter. Negative power supply terminal. 


ANNUNCIATOR | Backplane squarewave output for positive rail for display drivers. 
DRIVE driving annunciators. NT IN 
4 | By, Cy, CONT NT OUT Output of integrator amplifier. 

Ar, Gy, 0} CONTINUITY | INPUT: When LO, continuity flag on the 
F,, Ey, DP; display is off. When HI, continuity flag is 
Ba, Co, LO BATT See HI when voltage between 
Ao, Go, Da inputs is less than + 200mV. LO when 
Fo, Eo, DPo yaoi aid inputs is more than 
Ba, Ca, MINUS 
Ag, Gg, Dg 
Fa, Ea, DPg 
By, Cg, BOs 
Ag, Dy, Gg 
Fa, E4, DP4 


INPUT: When HI, turns on most 
significant decimal point. 
OUTPUT: Pulled HI when result 
count exceeds + 19,999. 


DP3/UR INPUT: Second most significant 
decimal point on when HI. 
OUTPUT: Pulled HI when result 
countis less than + 1,000. 


LATCH/HOLD INPUT: When floating, A/D 
converter operates in the free-run 
mode. When pulled HI, tne last 
displayed reading is held. When 
pulled LO, the result counter 
contents are shown incrementing 
during the de-integrate phase of 
cycle. 

OUTPUT: Negative going edge 
occurs when the data latches are 
updated. Can be used for 
converter status signal. 


1 


3 
2 


26 
27 


on 


+ 


oi 


sw 


a ee ee ee es ee ee ee ee ee ee ee ee ee Se eee ee ee © 
olalniliolionlapiolnwlalo nO 


28 | COMMON Sets common-mode voltage of 3.2V 
below V+ for DE, 10X, etc. Can be used 


as pre-regulator for external reference. 


+ 


ei] #| ® 
Oltn! nm 4 iT 


Positive side of external reference 
capacitor. 


> Negative side of external reference 
capacitor. 


BUFFER Output of buffer amplifier. 
Negative input voltage terminal. 
IN HI Positive input voltage terminal. 


34 | REF HI Positive reference voltage input 
terminal. 
35 |REF LO Negative reference voltage input 
terminal. 


6 Ground reference for digital section. 

37 |} RANGE 3yA pull-down for 200mV scale. Pulled 
HIGH externally for 2V scale. 

Internal 3A pull-down. When Hi, 
decimal point 2 will be on. 

Internal 3A pull-down. When HI, 
decimal point 1 will be on. | 
SC2 Output of first clock inverter. Input of 

second clock inverter. 


31 


id) ND nO 
© > 


O 
G) 
Zz 
O 


21 


id?) 


22 


8] 8) 8 
fo) fe) 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


Harris’ ICL7129 is a uniquely designed single-chip A/D 
converter. It features a new “successive integration” tech- 
nique to achieve 10nV resolution on a 200mV full-scale 
range. To achieve this resolution a 10:1 improvement in 
noise performance over previous monolithic CMOS A/D 
converters was accomplished. Previous integrating convert- 
ers used an external capacitor to store an offset correction 
voltage. This technique worked well but greatly increased 
the equivalent noise bandwidth of the converter. The 
ICL7129 removes this source of error (noise) by not using 
an auto-zero capacitor. Offsets are cancelled using digital 
techniques instead. Savings in external parts cost are real- 


ized as well as improved noise performance and elimination 


of a source of electromagnetic and electrostatic pick-up. 


The overall functional diagram of the ICL7129 is shown in 
Figure 1. The heart of this A/D converter is the sequence 
counter/decoder which drives the control logic and keeps 


CREF 


REF HI REF LO] 


INT,, INT5 
Od 


e@we(jweQeaeaeaeaeae(J@eaeaaeoaeaeee ¢ 


NOTE: All typical values have been characterized but are not tested. 


INT, IN 


Figure 4: ICL7129 Analog Block Diagram 


§ICL7129 


track of the many separate phases required for each con- 
version cycle. The sequence counter is constantly running 
and is a separate counter from the up/down results counter 
which is activated only when the integrator is de-integrating. 
At the end of a conversion the data remaining in the results 
counter is latched, decoded and multiplexed to the liquid 
crystal display. 

The analog section block diagram shown in Figure 4 in- 
cludes all of the analog switches used to configure the volt- 
age sources and amplifiers in the different phases of the 
cycle. The input and reference switching schemes are very 
similar to those in other less accurate integrating A/D con- 
verters. There are 5 basic configurations used in the full 
conversion cycle. Figure 5 illustrates a typical waveform on 
the integrator output. INT, INT;, and INT» all refer to the 


signal integrate phase where the input voltage is applied to 


the integrator amplifier via the buffer amplifier. In this phase, 
the integrator ramps over a fixed period of time in a direc- 
tion opposite to the polarity of the input voltage. 


COMPARATOR 1 


> 


TO DIGITAL 
SECTION 


> 


* COMPARATOR 2 


ZERO=INTEGRATE 


\TEGRE INT; 
AND LATCH 


INTEGRATE 


DE, 


Note: Shaded area greatly expanded 
in time and amplitude. 


1000 Clocks 
10,000 Clocks 


2000 
Clocks 


DEINTEGRATE REST X10 


ICL7129 


DE, REST X10 DEx ZERO-INTEGRATE 


NTEGRATOR 
RESIDUE 
VOLTAGE 


ay 


1000 er eee 


0340-5 


Figure 5: integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and 
Residue Voltage 


Figure 6: Biasing Structure for COMMON and DGND 


DE;, DE», and DEg are the de-integrate phases where 
the reference capacitor is switched in series with the buffer 
amplifier and the integrator ramps back down to the level it 
started from before integrating. However, since the de-inte- 
grate phase can terminate only at a clock pulse transition, 
there is always a small overshoot of the integrator past the 
starting point. The ICL7129 amplifies this overshoot by 10 
and DE» begins. Similarly DEs’s overshoot is amplified by 
10 and DE3 begins. At the end of DE3 the results counter 
holds a number with 514 digits of resolution. This was ob- 
tained by feeding counts into the results counter at the 314 
digit level during DEj, into the 414 digit level during DEs and 
the 51% digit level for DE3. The effects of offset in the buffer, 
integrator, and comparator can now be cancelled by repeat- 
ing this entire sequence with the inputs shorted and sub- 
tracting the results from the original reading. For this phase 
INTo switch is closed to give the same common-mode volt- 
age as the measurement cycle. This assures excellent 
CMRR. At the end of the cycle the data in the up/down 
results counter is accurate to 0.02% of full-scale and is sent 
to the display driver for decoding and multiplexing. 


NOTE: All typical values have been characterized but are not tested. 


2-73 


COMMON, DGND, AND “LOW 
BATTERY” 


The COMMON and DGND (Digital GrouND) outputs of 
the ICL7129 are generated from internal zener diodes (Fig- 
ure 6). COMMON is included primarily to set the common- 
mode voltage for battery operation or for any system where 
the input signals float with respect to the power supplies. It 
also functions as a pre-regulator for an external precision 
reference voltage source. The voltage between DGND and 
V+ is the supply voltage for the logic section of the 
ICL7129 including the display multiplexer and drivers. Both 
COMMON and DGND are capable of sinking current from 
external loads, but caution should be taken to ensure that 
these outputs are not overloaded. Figure 7 shows the con- 
nection of external logic circuitry to the 1CL7129. This con- 
nection will work providing that the supply current require- 
ments of the logic do not exceed the current sink capability 
of the DGND pin. If more supply current is required, the 
buffer in Figure 8 can be used to keep the loading on DGND 
to a minimum. COMMON can source approximately 122A 
while DGND has no source capability. 


ICL7129 


ICL7129 


The “LOW BATTERY” annunciator of the display is 
turned on when the voltage between V+ and V-— drops 
below 7.2V typically. The exact point at which this occurs is 
determined by the 6.3V zener diode and the threshold volt- 
age of the n-channel transistor connected to the V7~ rail in 
Figure 6. As the supply voltage decreases, the n-channel 
transistor connected to the V-rail eventually turns off and 
the “LOW BATTERY” input to the logic section is pulled 
HIGH, turning on the “LOW BATTERY” annunciator. 


EXTERNAL 
LOGIC 


Figure 7: DGND Sink Current 


EXTERNAL 
LOGIC 
CURRENT 


Figure 8: Buffered DGND 


NOTE: All typical values have been characterized but are not tested. 
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I/O PORTS 


Four pins of the ICL7129 can be used as either inputs or 
outputs. The specific pin numbers and functions are de- 
scribed in the Pin Description table (Table 1). If the output 
function of the pin is not desired in an application it can 
easily be overridden by connecting the pin to Vt (HI) or 
DGND (LO). This connection will not damage the device 
because the output impedance of these pins is quite high. A 
simplified schematic of these input/output pins is shown in 
Figure 9. Since there is approximately 500k in series with 
the output driver, the pin (when used as an output) can only 
drive very light loads such as 4000 series, 74CXX type 
CMOS logic, or other high input impedance devices. The. 
output drive capability of these four pins is limited to 3yA, 
nominally, and the input switching threshold is typically 
DGND* 2V. 


DP./OR PIN 20 
DP3/UR PIN 21 
LATCH/HOLD PIN 22 
CONTINUITY PIN 27 


Figure 9: “Weak Output” 


LATCH/HOLD, OVERRANGE, AND 
UNDERRANGE TIMING 


The LATCH/HOLD output (pin 22) will be pulled low dur- 
ing the last 100 clock cycles of each full conversion cycle. 
During this time the final data from the ICL7129 counter is 
latched and transferred to the display decoder and multi- 
plexer. The conversion cycle and LATCH/HOLD timing are 
directly related to the clock frequency. A full conversion cy- 
cle takes 30,000 clock cycles which is equivalent to 60,000 
oscillator cycles. OverRange (OR pin 20) and UnderRange 
(UR pin 21) outputs are latched on the falling edge of 
LATCH/HOLD and remain in that state until the end of the 
next conversion cycle. In addition, digits 1 through 4 are 
blanked during overrange. All three of these pins are “weak 
outputs” and can be overridden with external drivers or pull- 
up resistors to enable their input functions as described in 
the Pin Description table. 


INSTANT CONTINUITY 


A comparator with a built-in 200mV offset is connected 
directly between INPUT HI and INPUT LO of the ICL7129 
(Figure 10). The CONTINUITY output (pin 27) will be pulled 
high whenever the voltage between the analog inputs is 
less than 200mV. This will also turn on the “CONTINUITY” 
annunciator on the display. The CONTINUITY output may 
be used to enable an external alarm or buzzer, thereby giv- 
ing the ICL7129 an audible continuity checking capability. 


ICL7129 


o 
a 
= 
. 
=i 
° 


TO DISPLAY 
CONTINUITY © . > DRIVER 
(NOT LATCHED) 


Figure 10: “Instant Continuity” Comparator and Output Structure 


BACKPLANE 


eke CONNECTIONS 


F4, E4, DP4 Bs, C1, CONTINUITY 
Aa, Gs, D4 A1, G1, 4 
By, C4, BCs Fy, E1, DPy 
F3, E3, DP3 B2, C2, LOW BATTERY 
A3, G3, D3 A2, G2, Da 
B3, C3, MINUS F2, E2, OP2 


Figure 11: Triplexed Liquid Crystal Display Layout for ICL7129 


NOTE: All typical values have been characterized but are not tested. 
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Figure 12: Typical Backplane and Annunciator Drive Waveforms 


LOW BATTERY CONTINUITY 


(0 0) oe 


A 


re 
Ls 


-ANNUNCIATOR 


BACKPLANE 


ANNUNCIATOR 


BACKPLANE 


Figure 13: Multimeter Example Showing Use of Annunciator Drive Output 


Since the CONTINUITY output is one of the four ‘weak out- 
puts” of the ICL7129, the “continuity” annunciator on the 
display can be driven by an external source if desired. The 
continuity function can be overridden with a pull-down resis- 
tor connected between CONTINUITY pin and DGND (pin 
36). 


DISPLAY CONFIGURATION 


The ICL7129 is designed to drive a triplexed liquid crystal 
display. This type of display has three backplanes and is 
driven in a multiplexed format similar to the ICM7231 dis- 
play driver family. The specific display format is shown in 
Figure 11. Notice that the polarity sign, decimal points, 
“LOW BATTERY”, and “CONTINUITY” annunciators are 
directly driven by the ICL7129. The individual segments and 
annunciators are addressed in a manner similar to row-col- 
umn addressing. Each backplane (row) is connected to one- 
third of the total number of segments. BP1 has all F, A, and 
B segments of the four least significant digits. BP2 has all of 


NOTE: All typical values have been characterized but are not tested. 


the C, E, and G segments. BP3 has all D segments, decimal 
points, and annunciators. The segment lines (columns) are 
connected in groups of three bringing all segments of the 
display out on just 12 lines. 


ANNUNCIATOR DRIVE 


A special display driver output is provided on the ICL7129 
which is intended to drive various kinds of annunciators on 
custom multiplexed liquid crystal displays. The ANNUNCIA- 
TOR DRIVE output (pin 3) is a squarewave signal running at 


. the backplane frequency, approximately 100Hz. This signal 


swings from Vpisp to Vt and is in sync with the three back- 
plane outputs BP1, BP2, and BP3. Figure 12 shows these 
four outputs on the same time and voltage scales. 


Any annunciator associated with any of the three back- 


~ planes can be turned on simply by connecting it to the AN- 
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NUNCIATOR DRIVE pin. To turn an annunciator off con- 
nect it to its backplane. An example of a display and annun- 
ciator drive scheme is shown in Figure 13. 


phon 


Vpisp 


1CL7129. 


DGND 


ICL7129 


VpisP 
ICL7129 


DGND 


Figure 14: Two Methods for Temperature Compensating the Liquid Crystal Display 


DISPLAY TEMPERATURE 
COMPENSATION 


For most applications an adequate display can be ob- 
tained by connecting Vpisp (pin 19) to DGND ‘(pin 36). In 
applications where a wide temperature range is encoun- 
tered, the voltage drive levels for some triplexed liquid crys- 
tal displays may need to vary with temperature in order to 
maintain good display contrast and viewing angle. The 
amount of temperature compensation will depend upon the 
type of liquid crystal used. Display manufacturers can sup- 
ply the temperature compensation requirements for their 
displays. Figure 14 shows two circuits that can be adjusted 
to give a temperature compensation of ~ +10mV/°C be- 
tween Vt and Vpisp. The diode between DGND and Vpjsp 
should have a low turn-on voltage to assure that no forward 
current is injected into the chip if Vpisp is more negative 
than DGND. 


COMPONENT SELECTION 


There are only three passive components around the 
ICL7129 that need special consideration in selection. They 
are the reference capacitor, integrator resistor, and integra- 
tor capacitor. There is no auto-zero capacitor like that found 
in earlier integrating A/D converter designs. 


The integrating resistor is selected to be high enough to 
assure good current linearity from the buffer amplifier and 
integrator and low enough that PC board leakage is not a 
problem. A value of 150k. should be optimum for most 
applications. The integrator capacitor is selected to give an 


NOTE: All typical values have been characterized but are not tested. 
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optimum integrator swing at full-scale. A large integrator 
swing will reduce the effect of noise sources in the compar- 
ator but will affect rollover error if the swing gets too close 
to the positive rail (~0.7V). This gives an optimum swing of 


= 2.5V at full-scale. For a 150kQ integrating resistor and 2. 


conversions per second the value is 0.10uF. For different 
conversion rates, the value will change in inverse propor- 
tion. A second requirement for good linearity is that the ca- 
pacitor have low dielectric absorption. Polypropylene caps 
give good performance at a reasonable price. Finally the foil 
side of the cap should be connected to the integrator output 
to shield against pick-up. 

The only requirement for the reference cap is that it be 
low leakage. In order to reduce the effects of stray capaci- 
tance, a 1.0.F value is recommended. 


CLOCK OSCILLATOR 


The ICL7129 achieves its digital range changing by inte- 
grating the input signal for 1000 clock pulses (2,000 oscilla- 
tor cycles) on the 2V scale and 10,000 clock pulses on the 
200mV scale. To achieve complete rejection of 60Hz on 
both scales, an oscillator frequency of 120KHz is oe: 
giving two conversions per second. 


In low resolution applications, where the converter uses 
only 31% digits and 100pV resolution, an R-C type oscillator 
is adequate. In this application a C of 51pF is recommended 
and the resistor value selected from fosc = 0.45/RC. How- 
ever, when the converter is used to its full potential (44/2 
digits and 10.V resolution) a crystal oscillator is recom- 


o 
N 
= 
BN 
=i 
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ICL7129 


mended to prevent the noise from increasing as the input 


‘Signal is increased due to.frequency jitter of the R-C oscilla- 


tor. Both R-C and crystal- oscillator: circuits are shown in 


Figure 15. 


Crystal! Mode: 
Parallel 
Rs < 50kn 
CL < 12 pF 
Co < 5pF 


0340-15 
Figure 15: RC and Crystal Oscillator Circuits 


POWERING THE ICL7129 


The ICL7129 may be operated as a battery powered 
hand-held instrument or integrated into larger systems that 
have more sophisticated power supplies. Figures 16, 17, 
and 18 show various powering modes that may be use 
with the ICL7129. 7 


The standard supply connection using a 9V battery is 
shown in Figure 3. 


The power connection for systems with +5V and —5V 
supplies available is shown in Figure 16. Notice that mea- 
surements are with respect to ground. COMMON is also 
tied to INLO to remove any common-mode voltage swing 
on the integrator amplifier inputs. 


It is important to notice that in Figure 16, digital ground of 
the ICL7129 (DGND pin 36) is not directly connected to 
power supply ground. DGND is set internally to approxi- 
mately 5V less than the Vt terminal and is not intended to 
be used as a power input pin. It may be used as the ground 
reference for external logic, as shown in Figure 7 and 8. In 


‘ Figure 7, DGND is used as the negative supply rail for exter- 
_ nal logic provided that the supply current for the external 


logic: does not cause excessive loading on DGND. The 
DGND output can be buffered as shown in Figure 8. Here, 
the logic supply current is shunted away from the ICL7129 
keeping the load on DGND low. This treatment of the 
DGND output is necessary to insure compatibility when the 
external logic is used to interface directly with the logic in- 
puts and outputs of the ICL7129. 


NOTE: Alf typical values have been characterized but are not tested. 
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ICL7129 
DGND COM 


-5V 
0340-16 
Figure 16: Powering the ICL7129 from + 5V and 
— 5V Power Supplies 


When a battery voltage between 3.8V and 7V is desired 
for operation, a voltage doubling circuit should be used to 
bring the voltage on the ICL7129 up to a level within the 
power supply voltage range. This operating mode is shown 
in Figure 17. 


Figure 17: Powering the ICL7129 
from a 3.8V to 6V Battery 


Again measurements are made with respect to COMMON 
since the entire system is floating. Voltage doubling is ac- 
complished by using an ICL7660 CMOS voltage converter 
and two inexpensive electrolytic capacitors. The same prin- 
ciple applies in Figure 18 where the ICL7129 is being used 
in a system with only a single +5V power supply. Here 
measurements are made with respect to power supply 
ground. 


A single polarity power supply can be used to power the 
ICL7129 in applications where battery operation is not ap- 
propriate or convenient only if the power supply is isolated 
from system ground. Measurements must be made with re- 
spect to COMMON or some other voltage within its input 
common-mode range. 


ICL7660 


ICL7129 
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VOLTAGE REFERENCES 


The COMMON output of the ICL7129 has a temperature 
coefficient of +80ppm/°C typically. This voltage is only suit- 
able as a reference voltage for applications where ambient 
temperature variations are expected to be minimal. When 
the ICL7129 is used in most environments, other voltage 
references should be considered. The diagram in Figures 3 
and 18 show the ICL8069 1.2V band-gap voltage source 
used as the reference for the ICL7129, and the COMMON 
output as its pre-regulator. The reference voltage for the 
ICL7129 is set to 1.000V for both 2V and 200mvV full-scale 
operation. 


ICL8089 


28 


0340-18 


Figure 18: Powering the ICL7129 from a Single Polarity Power Supply 


NOTE: All typical values have been characterized but are not tested. 
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ICL7129 
MULTIPLE INTEGRATION A/D CONVERTER 
| EQUATIONS 
Oscillator Frequency Display Count 
fosc = 0.45/RC = VIN, a 
Cosc > 50 pF; Rosc > 50 kn cvim “ao 
fosc typ. = 120 kHz Vin x 


OR 
fosc = 120 kHz Crystal (Recommended) 
Oscillator Period 
tosc = 1/fosc 
Integration Clock Period 
tcLock = 2*tosc 
Integration Period 
tinT(2v) = 1000*tcLock (Range = 1) 
tintT(200 mv) = 10,000*tcLock (Range = 0) 
60/50 Hz Rejection Criterion 
tint/teo Hz OF tint/tso Hz = Integer 
Optimum Integration Current 
lint = 13 pA 
Full Scale Analog Input Voltage 
Vines Typically = 200 mV or 2.0V 
Integrate Resistor 
Rint = Vines/lint 
Rint Typ. = 150 kO 
Integrate Capacitor 
Bicol (tint) (lint) 
MINT 
INT 
Integrator Output Voltage Swing 
a (tint) (lint) 
INT oO 
INT 
Vint Maximum Swing: 
(V— + 0.5V) < Vint < (Vt — 0.7V) 


ZERO=INTEGRATE INT, DE, 
AND LATCH INTEGRATE DE=INTEGRATE REST 


Note: Shaded area greatly expanded 
in time and amplitude. 


1000 Clocks 2000 
10,000 Clocks Clocks 


NOTE: All typical values have been characterized but are not tested. 
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COUNT = 10,000 x 

(200 mV Range) 
Minimum Vpe_er: 500 mV 
Common Mode Input Voltage 

(V— + 1.0V) < Vin < (Vt — 0.5V) 
Auto Zero Capacitor: Caz not used 
Reference Capacitor: 0.1 uF < Cre < 1.0 uF 
Vcom 

Biased Between Vt and V-. 

Vcom = Vt — 2.9V 

Regulation lost when V+ to V- <= 6.4V. 

If Vcom is externally pulled down to 

(V+ to V—)/2, the Voom circuit will 


= (Range = 0) 
EF 


turn off. 
Power Supply: Single 9V 
Vt —~V =9V 


Digital supply is generated internally 
Venp = Vt — 4.5V 
Display: Triplexed LCD 
Continuity Output On If 
Vinut to Vinto < 200 mV 
Conversion Cycle (In Both Ranges) 
tcyc = tcLock < 30,000 


X10 DE, REST X10 DEx ZERO=INTEGRATE 


1000 Clocks 


Ga HARRIS ICL7136 = 
314,-Digit LCD Low Power 5 
A/D Converter 2 


GENERAL DESCRIPTION 


The Harris 1CL7136 is a high performance, very low pow- 
er 31/-digit A/D converter. All the necessary active devices 
are contained on a single CMOS IC, including seven-seg- 
ment decoders, display drivers, reference, and clock. The 
7136 is designed to interface with a liquid crystal display 
(LCD) and includes a backplane drive. The supply current is 
under 100A, ideally suited for 9V battery operation. 


The 7136 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. High accu- 
racy, like auto-zero to less than 10V, zero drift of less than 
1pV/°C, input bias current of 10pA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 
designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of single power supply operation 
allows a high performance panel meter to be built with the 
addition of only 7 passive components and a display. 


The ICL7136 is an improved version of the ICL7126, elim- 
inating the overrange hangover and hysteresis effects, and 
should be used in its place in all applications. It can also be 
used as a plug-in replacement for the ICL7106 in a wide 
variety of applications, changing only the passive compo- 
nents. 


ICL7136 


FEATURES 


© First-Reading Recovery From Overrange Gives 
immediate “OHMS” Measurement 


© Guaranteed Zero Reading for OV Input 

© True Polarity at Zero for Precise Null Detection 
© 1pA Typical Input Current 

© True Differential Input and Reference 


® Direct LCD Display Drive — No External Components 
Required 


¢ Pin Compatible With The ICL7106, ICL7126 


@ Low Noise — 15,,Vp-p Without Hysteresis or 
Overrange Hangover 


© On-Chip Clock and Reference 


© Low Power Dissipation, Guaranteed Less Than 
1mW — Gives 8,000 Hours Typical 9V Battery Life 


® No Additional Active Circuits Required 


ORDERING INFORMATION 


Part Temperature 
Number Range Package 


ICL7136CPL 09°C to +70°9C | 40 Pin Plastic DIP 


ICL7136RCPL 0°C to +70°C | 40 Pin Plastic DIP 
| (Note 1) 
ICL7136CM44 0°C to +70°C | 44 Pin Surface 
Mount (Note 2) 


NOTES 1. “R” indicates device with reversed leads. 


2. Add “T"' to part number to specify tape and reel 


packaging. 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301668-004 


NOTE: All typical values have been characterized but are not tested. 2-81 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vt toV—) ......... cece eee eee 15V Power Dissipation (Note 2) 

Analog Input Voltage (either input)(Note 1) ..... V+ to V—- Ceramic Package: <2... se. das ves eee eens 1000mW 

Reference Input Voltage (either input) ....... .. Vt toV- Plastic: PaCk ages ..as id aeons) selena edeees 800mW 

COCK INDY: 2.3.2 oe cck asain sd eee eesee es TEST toVt Operating Temperature ................... 0°C to + 70°C 
Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTES 1: Input voltages may exceed the supply voltages, provided the input current is limited to + 100pA. 
2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’”’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


CROSSING 


— 
DETECTOR 10 


DIGITAL 
SECTION 


Figure 2: Functional Diagram 


ELECTRICAL CHARACTERISTICS | (Notes3, 7) 


[Parameter | TestConditions [win [Typ Wax [Unite 


Zero Input Reading | Vin=0.0V —000.0 + 000.0 +000.0 | Digital Reading 
Full-Scale = 200.0mV 


Ratiometric Reading Vin= Vref, VReF= 100mV 999/1000 1000 Digital Reading 


on ern werece —Vin= +Vin = 200.0mV _4 +0.2 +1 Counts 
reading for equal positive and 
negative reading near full-scale) . 
Linearity (Max. deviation from Full-scale = 200mV —1 +0.02 1 Counts 
best straight line fit) or Full-Scale = 2.000V 
Common-Mode Rejection Ratio Vom= £1V, Vin=0V pV/V 
(Note 4) Full-Scale = 200.0mV 

| 10 | pA 


Noise (Pk-Pk value not exceeded Vin=OV, Full Scale = 200.0mV 15 
95% of time) 
irae ae 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Notes 3, 7) (Continued) 


Parameter Test Conditions 
Vin =OV, 0°C<Ta<+70°C 


Vin= 199.0mV, 0°C<Ta<+70°C | 
(Ext. Ref. Oppm/°C) 


Supply Current (Does not Vin = OV (Note 6) 70. 
include COMMON current) 


Typ | Max_| 
ae 


Analog COMMON Voltage (With 250kf. between Common and 2 
respect to positive supply) Positive Supply 

Temp. Coeff. of Analog COMMON 250k. between Common and 

(With respect to positive supply) Positive Supply 


4 
V+ toV- =9V 4 
4 


Vt toV—- =9V aa 
= 


Power Dissipation Capacitance vs Clock Frequency 


NOTES: 3. Unless otherwise noted, specifications apply at Ta = 25°C, fotock = 16kKHz and are tested in the circuit of Figure 4. 
4. Refer to “Differential Input” discussion. 
5. Backplane drive is in phase with segment drive for “off” segment, 180° out of phase for “‘on” segment. Frequency is 20 times conversion rate. Average 
DC component is less than 50mV. : 
6. 48kHz oscillator, Figure 5, increases current by 20A (typ). 
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kN. or 150k (1 reading/sec or 3 readings/sec). . 


TEST CIRCUITS 


Set Ret = 100.0 mV 


0343-5 


Figure 4: 7136 Clock Frequency 16kHz 
(1 reading/sec) 


0343-4 
Figure 3: ICL7136 with Liquid Crystal Display 


NOTE: All typical values have been characterized but are not tested. 
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Figure 5: Clock Frequency 48kHz 
(3 readings/sec) 


DETAILED DESCRIPTION 
(Analog Section) 

Figure. 2 shows the Functional Diagram df the Analog 
Section for the ICL7136. Each measurement cycle is divid- 
ed into four phases. They are 1) auto-zero (A-Z), 2) signal 
integrate (INT), 3) de-integrate (DE) and 4) zero integrator 


(21). 
- AUTO-ZERO PHASE 


During auto-zero three things happen. First, input high 


‘and low are disconnected from the pins and internally short- 


ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed. around the system to charge the auto-zero capaci- 
tor, Caz, to compensate for offset voltages in the buffer 
amplifier, integrator, and comparator. Since the comparator 


~ is included in. the loop; the A-Z accuracy is limited only by 


the noise of the system. In any case, the offset referred to 
the input is less than 10nV. 7 


SIGNAL INTEGRATE PHASE 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI.and IN LO 
for a fixed time. This differential voltage can be within a 
wide common-mode range; within 1V of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, .IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 
DE-INTEGRATE PHASE 

The next phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 


put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 


NOTE: All typical values have been characterized but are not tested. 
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capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically, the digital reading displayed is 
1000 (Vin/Vre_F). 

ZERO INTEGRATOR PHASE 


The final phase is zero integrator. First, input low is short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Finally, a feedback loop is 
closed around the system to input high to cause the integra- 
tor output to return to zero. Under normal conditions, this 
phase lasts for between 11 to 140 clock pulses, but after a 
“heavy” overrange conversion, it is extended to 740 clock 
pulses. 


Differential Input 


The input can accept differential voltages anywhere with- 
in the common-mode range of the input amplifier; or specifi- 
cally from 0.5V below the positive supply to 1.0V above the 
negative supply. In this range the system has a CMRR of 
86dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to as- 
sure the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator .positive when 
most of its swing has been used up by the positive com- 
mon-mode voltage. For these critical applications the inte- 
grator swing can be reduced to less than the recommended 
2V full-scale swing with little loss of accuracy. The integra- 
tor output can swing within 0.3V. of either supply without 
loss of linearity. 


Differential Reference 


The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray ca- 
pacity on its nodes. If there is a large common-mode volt- 
age, the reference capacitor can gain charge (increase volt- 
age) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called up to de-inte- 


" grate a negative input signal. This difference in reference for 


(+)-or (—) input voltage will give a roll-over error. However, 


‘by selecting the reference capacitor large enough in com- 


. parison to the stray capacitance, this error can be held to 
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less than 0.5 count for the worst case condition (see Com- 
ponent Values Selection). 


Analog Common 


This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This is selected to 
give a minimum end-of-life battery voltage of about 6V. 
However, analog COMMON has some of the attributes of a 
reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7V), the COM- 
MON voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance (=35), and a temperature co- 
efficient typically less than 150ppm/°C. 


6.8 VOLT 
ZENER 


(* 


ICL7136 
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yt 


1.2 VOLT 
REFERENCE 


1CL.7136 


REF Hi 


Figure 6: Using an External Reference 


‘The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper- 
ature changes of 2°C to 8°C, typical for instruments, can 
give a scale factor error of a count or more. Also, the COM- 
MON voltage will have a poor voltage coefficient when the 
total supply. voltage is less than that which will cause the 
zener to regulate (<7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 


Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in- 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common-mode volt- 
age from the converter. The same holds true for the refer- 
ence voltage. If the reference can be conveniently referred 
to analog COMMON, it should be since this removes the 
common-mode voltage from the reference system. 


Within the IC, analog COMMON is tied to an N channel 
FET which can sink 3mA or more of current to hold the 
voltage 3.0V below the positive:supply (when a load is trying 
to pull the common line positive). However, there is only 
1A of source current, so COMMON may easily be tied toa 
more negative voltage, thus overriding the internal refer- 
ence. 


1MQ 


1CL7136 TOLCOD 


DECIMAL POINT 


1T1750 


TOLCD 
BACKPLANE 


0343-9 


Figure 7: Simple Inverter for Fixed 
Decimal Point 


NOTE: All typical values have been characterized but are not tested. 
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TEST 


The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 5000 resistor. 
Thus, it can be used as the negative supply for external 
segment drivers such as for decimal points or any other 
presentation the user may want to include on the LCD dis- 
play. Figures 7 and 8 show such an application. No more 
than a 1mA load should be applied. 


The second function is a “lamp test.” When TEST is 
pulled high (to V+) all segments will be turned on and the 
display should read — 1888. The TEST pin will sink about 
10mA under these conditions. 

Caution: In the lamp test mode, the segments have a 
constant DC voltage (no square-wave). This may burn 
the LCD display if maintained for extended periods. 


OECIMAL 
POINT 


0343-10 


Figure 8: Exclusive “OR” Gate for 
Decimal Point Drive 


DETAILED DESCRIPTION 
(Digital Section) 

Figure 9 shows the digital section for the 7136. An inter- 
nal digital ground is generated from a 6V Zener diode anda 
large P channel source follower. This supply is made stiff to 
absorb the relatively large capacitive currents when the 
backplane (BP) voltage is switched. The BP frequency is 
the clock frequency divided by 800. For three readings/sec- 
ond this is a 60Hz square-wave with a nominal amplitude of 
5V. The segments are driven at the same frequency and 
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DISPLAY FONT 


LCO PHASE ORIVER 


ecectiatee eas =e 
7 Segment 7 Segmen (een 
ee 


LATCH 


To Switch Orivers 
From Comparator ees 


o> ees Eo 


internal Digital Ground 


fe ce ce ce ree wn a a a ee ee ee me we rw ee ee ere ed 


Figure 9: Digital Section 


amplitude and are in phase with BP when OFF, but out of 
phase when ON. In all cases negligible DC voltage exists 
across the segments. The polarity indication is “ON” for 
negative analog inputs. If IN LO and IN HI are.reversed, this 
indication can be reversed also, if desired. 


System Timing 

Figure 10 shows the clock oscillator provided in the 7136. 
Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. Acrystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 


3. RC OSCILLATOR 


Figure 10: Clock Circuits 


NOTE: All typical values have been characterized but are not tested. 
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four convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 counts to 2000 counts), 
zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de-in- 
tegrate and zero integrator. This makes a complete mea- 
sure cycle of 4000 (16,000 clock pulses) independent of 
input voltage. For three readings/second, an oscillator fre- 
quency of 48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. Os- 
cillator frequencies of 60kHz, 48kHz, 40kHz, 3314kHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen- 
cies of 662/4kHz, 50kHz, 40kHz, etc. would be suitable. Note 
that 40kHz (2.5 readings/second) will reject both 50Hz and 
60Hz (also 400Hz and 440Hz). See also A052. 


COMPONENT VALUE SELECTION 
(See also A052) 


Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6uA of quiescent current. They can sup- 
ply ~ 1pA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8MQ. is near optimum, 
and similarly 180k. for a 200.0mV scale. 


Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3V from either 
supply). When the analog COMMON is used as a reference, 
a nominal + 2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for Ciy7 are 
0.047yF, for 1 reading/second (16kHz) 0.15uF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 

The integrating capacitor should have low dielectric ab- 
sorption to prevent roll-over errors. While other types may 
be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. 


Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47F capacitor is recommend- 
ed. The Zl phase allows a large auto-zero capacitor to be 
used without causing the hysteresis or overrange hangover 
problems that can occur with the ICL7126 or ICL7106 (see 
A032). 


Reference Capacitor 

A 0.1pF capacitor gives good results in most applica- 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mvV scale is used, a larger value is required to prevent 
roll-over error. Generally, 1.0uF will hold the roll-over error 
to 0.5 count in this instance. 


*After an overranged conversion of more than 2060 counts, the zero inte- 
grator phase will last 740 counts, and auto-zero will last 260 counts. 


NOTE: All typical values have been characterized but are not tested. 
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Oscillator Components 


For all ranges of frequency a 50pF capacitor is recom- 
mended and the resistor is selected from the approximate 
equation f~0.45/RC. For 48kHz clock (3 readings/sec- 
ond), R= 180kQ, for 16kHz, R= 560k. 


Reference Voitage 


The analog input required to generate full-scale output 


(2000 counts) is Viy=2Vpe_er. Thus, for the 200.0mV and 
2.000V scale, Varre should equal 100.0mV and 1.000V, re- 
spectively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the input voltage di- 
rectly and select VarfF=0.341V. A suitable value for the 
integrating resistor would be 330k). This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system oc- 
curs when a digital reading of zero is desired for Vjy*0. 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently generat- 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. . 


TYPICAL APPLICATIONS 


The 7136 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 


To pin 1 


Set Vref = 100.0mvV 


}. DISPLAY 


TO BACKPLANE 


0343-13 
Figure 11: 7136 Using the Internal 
Reference 


Values shown are for 200.0mvV full-scale, 
3 readings/sec, floating supply voltage 
(9V battery). 
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To pin 1 


Set Vref = 100.0mV 


20kn 
200k2 27kN 


1.2V (KCL8069) 
1Mi) 


0.01,F 


} TO DISPLAY 


TO BACKPLANE 


Figure 12: 7136 with an External 
Band-Gap Reference (1.2V Type) 


IN LO is tied to COMMON, thus establishing the 
correct common-mode voltage. COMMON acts 
as a pre-regulator for the reference. Values 
shown are for 1 reading/sec. 


0.047 uF 


TO DISPLAY 


TO BACKPLANE 


0343-15 
Figure 13: Recommended Component 
Values for 2.000V Full-Scale, 
3 Readings/Sec 


For 1 reading/sec, change Cint, Rosc to values 
of Figure 12. 


ICL7136 


Set Vref = 100.0mV 


TO DISPLAY 


TO BACKPLANE 


0343-16 
Figure 14: 7136 with Zener Diode 
Reference 


Since low TC zeners have breakdown voltages 
~ 6.8V, diode must be placed across the total 
supply (10V). As in the case of Figure 13, INLO 
may be tied to COMMON. 


To pin 1 


40 
osc 10] 
osc 2h "”~AAA—_1 
osc 36) 
Test Tt] SOpF 
REF HIT] 
crerl) | 20k0 100k0} 27k0 
c rer) $1.2 (ICL8069) 
common Tt ] MQ) 
IN HET] : 
In LOPS GE Ita 
AZT) 
BUFF | yt 
INTE] 
ae ae 
Get es 
C3i J 
at TO DISPLAY 
G3 7 J 
GNOT 
21 


Set Vref = 100.0mV 


0.47 nF 


TO BACKPLANE 
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Figure 15: 7136 Operated from 
Single + 5V Supply 


An external reference must be used in this 
application, since the voltage between V+ and 
V— is insufficient for correct operation of the 
internal reference. 


*Values depend on clock frequency. See Figures 11, 42, 13. 


NOTE: All typical values have been characterized but are not tested. 
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0343-18 
Figure 16: 7136 Measuring Ratiometric Values of Quad Load Cell 


The resistor values within the bridge are determined by the desired sensitivity. 


Scale factor adjust | . 


Silicon NPN 
MPS 3704 or 


Test 50p we 
REF HIT | an 
REF Lo Fo 102, | 


F 
C REFIT 


TO DISPLAY 


TO BACKPLANE 
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Figure 17: 7136 used as a Digital Centigrade Thermometer 


A silicon diode-connected transistor has a temperature coefficient of about — 2mV/°C. Calibration is 
achieved by placing the sensing transistor in ice water and adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in boiling water and the scale-factor potentiometer adjusted for 

a 100.0 reading. See ICL8073/, and AD590 data sheets for alternative circuits. 


NOTE: All typical values have been characterized but are not tested. 
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0343-20 
Figure 18: Circuit for Developing Underrange and Overrange Signals from 7136 Outputs 


To Noes 1 Scale factor adjust 


osc 1+ (Vref = 100mV for AC to RMS) 
ove yy 
osc 37 ~ 
Tes’ [ }— 
REF HI 


100pF (for optimum band width) 


\r DISPLAY 


TO BACKPLANE 


SPEER 


od 
a 


Figure 19: AC to DC Converter with 7136 
Test is used as a common-mode reference level to ensure compatibility with most op amps. 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATION NOTES 

A016 “Selecting A/D Converters,” by David Fullagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 ‘“Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 “Low Cost Digital Panel Meter Designs,” by David 
Fullagar and Michael Dufort. 

A032 “Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the ICL7106,” by Larry Goff. 

A047 ‘Games People Play with Harris’ A/D Converters,” 
edited by Peter Bradshaw. . 

A052 ‘Tips for Using Single-Chip 314-Digit A/D Convert- 
ers,” by Dan Watson. 


NOTE: All typical values have been characterized but are not tested. 


2-91 


ICL7136 


ICL7136 


ICL7136 
INTEGRATING A/D CONVERTER 
| EQUATIONS 


Oscillator Frequency 
fosc = 0.45/RC 
Cosc > 50 pF; Rosc > 50 k© 
fosc typically = 48 kHz 
Oscillator Period 
tosc = RC/0.45 
Integration Clock Frequency 
fcLock = fosc/4 
Integration Period . 
tinr = 1000 X (4/fosc) 
60/50 Hz Rejection Criterion - 
tint/teo Hz OF tint/tso Hz = Integer 
Optimum Integration Current 
lint = 1.0 pA 
Full Scale Analog Input Voltage 
Vines typically = 200 mV or 2.0V 
integrate Resistor 


Vv 
Ring = NES 
INT 
Integrate Capacitor 
ae (tint)(lint) 
INT Ty 
INT | 
Integrator Output Voltage Swing 
Wick (tint)(lint) 
INT Gar 
INT 


Vint Maximum Swing: 
(V— + 0.5V) < Vinr < (Vt — 0.5V) 
Vint typically = 2.0V 


AUTOZERO 
FIXED COUNT = 


AUTOZERO 
FIXED COUNT = 


1000 1000 


Display Count . | 
V 
COUNT = 1000 x — 
VREF 


Conversion Cycle 
tcyc = tcLock < 4,000 
tcyc = tosc < 16,000 
when fosc = 48 kHz; tcyc = 333 ms 
Common Mode Input Voltage 
(V~ + 1.0V) < Vin < (Vt — 0.5V) 
Auto Zero Capacitor 
0.01 nF < Caz < 1.0 pF 
Reference Capacitor 
0.1 pF < Creer <.1.0 LF 
Vcom 
Biased between V* and V_. 
Voom = V* — 2.8V 
Regulation lost when V* to VV” < = 6.4V. 
If Vcom is externally pulled down to 
(Vt to V_)/2, the Voow circuit will 
turn off. 
Power Supply: Single 9V 
vt —~v" =9Vv 
Digital supply is generated internally 
Vand = vt — 4.5V 
Display: LCD 
Type: Direct drive with digital 
logic supply amplitude. 


DEINTEGRATE 
MAXIMUM COUNT = 
2000 


CONVERSION 


TIME = 4000 


NOTE: All typical values have been characterized but are not tested. 
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i HARRIS ICL7137 = 
SEMItCcCONODUCTOR a a 
314,-Digit LED Low Power 5 
Single—Chip A/D Converter 2 
GENERAL DESCRIPTION FEATURES 
The Harris |1CL7137 is a high performance, very low pow- . © First-Reading Recovery From Overrange allows ::: 
er 314-digit A/D converter. All the necessary active devices Immediate “OHMS” Measurement 
are contained on a single CMOS IC, including Sseven-Seg- © Guaranteed Zero Reading for OV Input 


ment decoders, display drivers, reference, and clock. The 


7137 is designed to interface with a light emitting diode eave Potanty ab cerotonbrectoe ul Detection 


(LED) display. The supply current (exclusive of display) is © 1pA Typical Input Current 
under 200,A, ideally suited for battery operation. © True Differential Input and Reference 
The 7137 brings together an unprecedented combination . ® Direct LED Display Drive — No External Components 
of high accuracy, versatility; and true economy. The device _ - Required . 
features auto-zero to less than 10V, zero drift of less than © Pin Compatible With The ICL7107 


1pV/°C, input bias current of 10pA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 


® Low Noise — 15. Vp-p Without Hysteresis or 
Overrange Hangover 


designer an uncommon advantage when measuring load = © On-Chip Clock and Reference. 
cells, strain gauges and other bridge-type transducers. And. © improved Rejection of. Voltage On COMMON Pin 
finally the true economy of the ICL7137 allows a high per- ® No Additional Active Circuits Required 


formance panel meter to be built with the addition of only 10 
passive components and a display. 


The ICL7137 is an improved version of the ICL7107, elim- 
inating the overrange hangover and hysteresis effects, and 
should be used in its place in all applications, changing only 
the passive component values. 


ORDERING INFORMATION 


Part Temperature 
Number Range Package 


ICL7137CPL 0°C to +70°C | 40 Pin Plastic DIP 


io EGRATOR 


asain 
OETECTOA 
“|e az COMPARATOR 


FLIPTFLOP 


1CL7137 


Figure 2: Pin 
Configuration 


Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO. THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301669~—003 


NOTE: All typical values have been characterized but are not tested. 2-93 


ICL7137 


1CL7137 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vt... ec c ccc c ee eee +6V ~ Power Dissipation (Note 2) 
VT uarenctew em inti ans Se meleemeacnen’ —9V Ceramic: Package ., scciaive cc cneesatenanwiass 1000mW 
Analog Input Voltage (either input)(Note 1) ..... V+ toV- Plastic Package ....... 6c. c cece cece eee eenees 800mW 
Reference Input Voltage (either input) ......... Vt toV- Operating Temperature ................... 0°C to + 70°C 
CIOCKINDUL wisiese ceteris deeadies dedi Drake GND to V+ Storage Temperature ................ — 65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. - 300°C 


Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to + 100A. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Note 3) 


| Parameter | TestConditions | min | Typ | Max | unit | 


Zero Input Reading | Vin=0.0V —000.0 | +000.0 | +000.0 | Digital Reading 
; ~ | Full-Scale = 200.0mV 


Ratiometric Reading | Vin=Vrer Vaer=100mV _ 999/1000 | 1000 | Digital Reading 


Roll-Over Error (Difference in 
reading for equal positive and 
negative reading near full-scale) 


Vom= +£1V, Vin=0V 
Full-Scale = 200.0mV 


Go 
DN) 


V+ =5.0V 
Segment Voltage = 3V 


Segment Sinking Current 
(Except Pins 19 & 20) 
(Pin 19 only) 

(Pin 20 only) 


NOTES: 3. Unless otherwise noted, specifications apply at Ta = 25°C, feiock = 16KHz and are tested in the circuit of Figure 4. 
4. Refer to “Differential Input” discussion. 
5. 48kHz oscillator, Figure 5, increases current by 35p:A (typ). 
- 6. Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec). 


NOTE: All typical values have been characterized but are not tested. 
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Figure 4: 7137 Clock Frequency 16kHz 
(1 reading/sec) 


NOTE: All typical values have been characterized but are not tested. 
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Figure 5: Clock Frequency 48kHz 
(3 readings/sec) 


DETAILED DESCRIPTION 
(Analog Section) 

Figure 1 shows the Functional Diagram of the Analog 
Section for the ICL7137. Each measurement cycle is divid- 
ed into four phases. They are 1) auto-zero (A-Z), 2) signal 
integrate (INT), 3) de-integrate (DE) and 4) zero-integrator 
(Zl). 

AUTO-ZERO PHASE | 
During auto-zero three things happen. First, input high 


and low are disconnected from the pins and internally short- . 


ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capaci- 
tor, Caz, to compensate for offset voltages in the buffer 
amplifier, integrator, and comparator. Since the comparator 
is included in the loop, the A-Z accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the input is less than 10pV. 


SIGNAL INTEGRATE PHASE 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common-mode range; within 1V of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 


ICL7137 


ICL7137 


DE-INTEGRATE PHASE 


The next phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 
put high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically; the digital reading eas is 
1000(Vin/VREF)- 


ZERO INTEGRATOR PHASE 


The final phase is zero integrator. First, input low is short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Finally, a feedback loop is 
closed around the system to input high to cause the integra- 
tor output to return to zero. Under normal conditions, this 
phase lasts for between 11 to 140 clock pulses, but after a 
“heavy” overrange conversion, it is extended to 740 clock 


pulses. 


Differential input 


The input can accept differential voltages anywhere with- 
in the common-mode range of the input amplifier; or specifi- 
cally from 0.5V below the positive supply to 1.0V above the 
negative supply. In this range the system has a CMRR of 
90dB typical. However, since the integrator also swings with 
the common-mode voitage, care must be exercised to as- 
sure. the integrator output does not saturate. A worst case 
condition would be a large positive common-mode voltage 
with a near full-scale negative differential input voltage. The 
negative input signal drives the integrator positive when 
most of its swing has been used up by the positive com- 
mon-mode voltage. For these critical applications the inte- 
grator swing can be reduced to less than the recommended 
2V full-scale swing with little loss of accuracy. The integra- 
tor output can swing within 0.3V of either supply without 
loss of linearity. 


Differential Reference 


_ The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray ca- 
pacity on its nodes. If there is a large common-mode volt- 
age, the reference capacitor can gain charge (increase volt- 
age) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called up to de-inte- 
grate a negative input signal. This difference in reference for 
(+) or (—) input voltage will give a roll-over error. However, 
by selecting the reference capacitor large enough in com- 
parison to the stray capacitance, this error can be held to 
less than 0.5 count for the worst case condition (see Om: 
ponent Value Selection). 


Analog Common 


This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This is selected to 
give a minimum end-of-life battery voltage of about 6V. 


NOTE: All typical values have been characterized but are not tested. 
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However, analog COMMON has some of the attributes ofa 


reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7V), the COM- 
MON voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance(= 350), and a temperature coef- 
ficient typically less than 150ppm/°C. 


The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coefficient 
(TC) can cause some degradation in performance. Temper- 
ature changes of 2°C to 8°C, typical for instruments, can 
give a scale factor error of a count or more. Also, the COM- 
MON voltage will have a poor voltage coefficient when the 


total supply voltage is less than that which will cause the 


zener to regulate (<7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 


vt 


1CL7137 
1.2 VOLT 


E 
REF Hi REFERENC 


| REF LO 


COMMON 


(b) 
0344-7 
Figure 6: Using an External Reference 


Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for in- 
stance). In this application, analog COMMON should be tied 
to the same point, thus removing the common-mode volt- 
age from the converter. The same holds true for the refer- 
ence voltage. If the reference can be conveniently referred 
to analog COMMON, it should be since this removes the 
common-mode voltage from the reference system. 


Within the IC, analog COMMON is tied to an N channel 
FET which can sink 100uA or more of current to hold the 
voltage 3.0V below the positive supply (when a load is trying 
to pull the common line positive). However, there is only 
1A of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer- 
ence. 


DISPLAY FONT 


TYPICAL SEGMENT OUTPUT 


ICL7137 


TEST 


The TEST pin is coupled to the internal digital supply 
through a 500 resistor, and functions as a ‘lamp test.” 
When TEST is pulled high (to V+) all segments will be 
turned on and the display should read — 1888. The TEST 
pin will sink about 10mA under these conditions. 


ICL7137 


To Switch Drivers 
From Comparator Output 


CLOCK | 
i 
| 
9 (38 


DIGITAL GROUND 


: ae 37 TEST 
Control Logic 


21! piGitaL 
Y GROUND 
J 


“Three inverters. 
One inverter shown for clarity. 


Figure 7: Digital Section 


DETAILED DESCRIPTION 
(Digital Section) 

Figure 7 shows the digital section for the 7137. The seg- 
ments are driven at 8mA, suitable for instrument size com- 
mon anode LED displays. Since the 1000 output (pin 19) 
must sink current from two LED segments, it has twice the 
drive capability or 16mA. The polarity indication is “ON” for 
negative analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 

Figure 8 shows a method of increasing the output drive 
current, using four DM7407 Hex Buffers. Each buffer is ca- 
pable of sinking 40mA. 


Figure 8: Display Buffering for 
Increased Drive Current 


NOTE: All typical values have been characterized but are not tested. 
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System Timing 

Figure 9 shows the clock oscillator provided in the 7137. 
Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. A ccrystal between pins 39 and 40. 

3. AnRC oscillator using all three pins. 


3. RC OSCILLATOR 


0344-10 
Figure 9: Clock Circuits 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
four convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 counts to 2000 counts), 
zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de-in- 
tegrate and zero integrator. This makes a complete mea- 
sure cycle of 4000 (16,000 clock pulses) independent of 
input voltage. For three readings/second, an oscillator fre- 
quency of 48kHz would be used. 


To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. Os- 
cillator frequencies of 60kHz, 48kHz, 40kHz, 3313kHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen- 
cies of 6624kHz, 50kHz, 40kHz, etc. would be suitable. Note 
that 40kHz (2.5 readings/second) will reject both 50Hz and 
60Hz (also 400Hz and 440Hz.) See also A052. 


*After an overranged conversion of more than 2060 counts, the zero inte- 
grator phase will last 740 counts, and auto-zero will last 260 counts. 


NOTE: All typical values have been characterized but are not tested. 
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COMPONENT VALUE SELECTION 
(See Application Note A052) 


Integrating Resistor 


Both the buffer amplifier and the integrator have a class A 
output stage with 6A of quiescent current. They can sup- 
ply ~ 1pA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8MQ. is near optimum, 
and similarly 180k. for a 200.0mV scale. 


Integrating Capacitor 


The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3V from either 
supply). When the analog COMMON is used as a reference, 
a nominal + 2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for Cjy7 are 
0.047pF, for 1 reading/second (16kHz) 0.15F. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 


The integrating capacitor should have low dielectric ab- 
sorption to prevent roll-over errors. While other types may 
be adequate for this application, polypropylene capacitors 
give undetectable errors at reasonable cost. | 


Auto-Zero Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47,.F capacitor is recommend- 
ed. The Zl phase allows a large auto-zero capacitor to be 
used without causing the hysteresis or overrange hangover 
problems that can occur with the ICL7107 or ICL7117 (See 
Application Note A032). 


Reference Capacitor 


A 0.1pF capacitor gives good results in most applica- 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mvV scale is used, a larger value is required to prevent 
roll-over error. Generally, 1.0uF will hold the roll-over error 
to 0.5 count in this instance. 


Oscillator Components 


For all ranges of frequency a 50pF capacitor is recom- 
mended and the resistor is selected from the approximate 
equation f = 0.45/RC. For 48kHz clock (3 readings/sec- 
ond), R=180k9, while for 16kHz (1  reading/sec), 
R= 560k?. 


Reference Voltage 


The analog input required to generate full-scale output 
(2000 counts) is: Viyj=2VrRe_er. Thus, for the 200.0mV and 
2,000V scale, VpaeF should equal 100.0mV and 1.000V, re- 
spectively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 


to 200.0mV, the designer should use the input voltage di- 
rectly and select Vare=0.341V. A suitable value for the 
integrating resistor would be 330kN. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system oc- 
curs when a digital reading of zero is desired for Vin~0. 


Temperature and weighing systems with a variable tare are . 


examples. This offset reading can be conveniently generat- 
ed by connecting the voltage transducer between IN HI and 


40 To pint 
osc if | 
bie 
Osc 3F 7 
TESTT | S0pF 


REF HiT 
REF LO }—____e-—_ 
a 


C REF 10k 


Set Vret = 100.0mvV 


220k0 
C REFE J 


COMMON [_}-— 1Mit 


0.01,F 


V 


0344-11 
Figure 10: 7137 Using the Internal 
Reference. 


Values shown are for 200.0mV full-scale, 3 
readings/sec. IN LO may be tied to either 
COMMON for inputs floating with respect to 
supplies, or GND for single ended inputs. (See 
discussion under Analog COMMON.) 


Osc 3T 7 
TEST TJ 


REF HiT] 
REF LO }-—_____9) 


CREFT | 
CREFT J 


COMMON 2 a 
INHIT 


INLOT | 
AZT] 
BUFFT | 
INTL | 
v-E 
Get | 
C3 J 
Ai 
G3 {J 


GND IJ 
21 


40 To pint 


osc 1] 
ose 2p Aya 2K2 


Set Veet 100.0mV 
50pF - 
Pr 20Kn > 


200k2 27kQ 


1.2V (I1CL8069) 
1Mi) 


0.01,.F 
0.47 pF 
180kQ 


0.15uF 


} TO OISPLAY 


—--. ~ -- —____——0 9y 
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Figure 11: 7137 with an External Band-Gap 
Reference (1.2V Type). 


IN LO is tied to COMMON, thus establishing the 
correct common-mode voltage. COMMON acts 
as a pre-regulator for the reference. Values 
shown are for 1 reading/sec. 


NOTE: All typical values have been characterized but are not tested. 
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COMMON and the variable (or fixed) offset voltage between 
COMMON and IN LO. 


TYPICAL APPLICATIONS 


The 7137 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 


} DISPLAY 
0344-13 


Figure 12: Recommended Component Values for 
2.000V Full-Scale, 
3 Readings/Sec. 


For 1 reading/sec, change Ciyt, Rosc to values 
of Figure 11. 


je DISPLAY 


-_ooo 0 0V 


0344-14 
Figure 13: 7137 with Zener Diode Reference. 


Since low TC zeners have breakdown voltages 

~ 6.8V, diode must be placed across the total 

supply (10V). As in the case of Figure 11, IN LO 
may be tied to COMMON. 
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To pin 1 


40 
osc 1f 
ose 2 "Ann, 
osc 36] 

Test) SOpF 


REF HIT) 
ner Lol ——_—_e) 
| 20k0 mg 100k0} 27k 
1.2¥ (ICL8089) 
TAL) 


} DISPLAY 
: 0 0V 
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Set Vref = 100.0mV 


Figure 14: 7137 Operated from 
Single + 5V Supply. 


An external reference must be used in this 
application, since the voltage between V* and 
V— is insufficient for correct operation of the 
internal reference: 


1CL7137 
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Figure 15: Measuring Ratiometric Values of 
Quad Load Cell. 


The resistor values within the bridge are 
determined by the desired sensitivity. 


Figure 16: Circuit for developing Underrange and 
Overrange signals from outputs. 


The LM339 is required to ensure logic compatibility with heavy display loading. 


*Values depend on clock frequency. See Figures 10, 11, and 12. 


NOTE: All typical values have been characterized but are not tested. 
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To pin 1 


40 . 
osc 11] 
osc 2p —~,r 221 
osc 3F— 
testf3} “PF 


Scale factor adjust 
ay, 


REF HIT) 
Sh — aay 


CREFT 
CREFT | 
COMMONT | 


Figure 17: AC to DC Converter with 7137 


APPLICATION NOTES 


A016 ‘Selecting A/D converters,” by David Fullagar. 

A017 “The Integrating A/D Converter,” by Lee Evans. 

A018 “Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

A023 ‘Low Cost Digital Panel Meter Designs,” by David 
Fullagar and Michael Dufort. 

A032 ‘Understanding the Auto-Zero and Common-Mode 
Behavior of the ICL7106/7/9 Family,” by Peter 
Bradshaw. 

A046 “Building a Battery-Operated Auto Ranging DVM 
with the ICL7106,” by Larry Goff. 

A047 “Games People Play with Harris’ A/D Converters” 
edited by Peter Bradshaw. 

A052 “Tips for Using Single-Chip 314-Digit A/D Convert- 
ers,” by Dan Watson. 


NOTE: All typical values have been characterized but are not tested. 
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1CL7137 
INTEGRATING A/D CONVERTER 
EQUATIONS 


Oscillator Frequency 

fosc = 0.45/RC 

Cosc > 50 pF; Rosc > 50 kN 

fosc typ. = 48 kHz 
Oscillator Period 

tosc = RC/0.45 
Integration Clock Frequency 

fcLock = fosc/4 
Integration Period | 

tint = 1000 < (4/fosc) 
60/50 Hz Rejection Criterion 


tint/teo Hz OF tint/tso Hz = Integer 


Optimum Integration Current 


lint = 1.0 pA 
Full Scale Analog Input Voltage 
Vines typically = 200 mV or 2.0V 
Integrate Resistor 
— VINES 
liINT 
Integrate Capacitor 
Bee (tint)(linT) 
INT ye 
INT 
Integrator Output Voltage Swing 
Re (tint)(lint) 
= 
CinT 
Vint Maximum Swing: 
(V— + 0.5V) < Vinr < (Vt — 0.5V) 
Vint typically = 2.0V 


AUTOZERO 
2999-1000 


Display Count 
Vv 
COUNT = 1000 x —!N 
VREF 
Conversion Cycle 
tcyc = tcLock < 4000 
tcyc = tosc X< 16,000 
when fosc = 48 kHz, tcyc = 333 ms 


Common Mode Input Voltage 


(V— + 1.0V) < Vin < (Vt — 0.5V) 
Auto Zero Capacitor 
0.01 pF < Caz < 1.0 pF. 
Reference Capacitor 
0.1 uF < Creer < 1.0 pF 
Vcom 
Biased between V+ and V— 
Vcom = Vt — 2.8V 
Regulation lost when V+ to V- <= 6.4V. 
If Vcom is externally pulled down to 
(V+ to V-)/2, the Veoy circuit will 
turn off. | 
Power Supply: Dual +5.0V _ 
~ Vt = +5.0V to GND 
V- = —5.0V to GND 
Digital Logic and LED driver supply V+ to GND 
Display: LED © : 3 - 
Type: Non-Multiplexed Common Anode 


DEINTEGRATE 
(COUNT) 
0-1999 


Total Conversion Time = 4000 * tcLock =| 6,000 : tosc 


Figure 18 


NOTE: All typical values have been characterized but are not tested. 
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Gq? HARRIS ICL7139 
SEMICON 33/,-Digit 
Autoranging Multimeter 


GENERAL DESCRIPTION FEATURES 

The Harris |CL7139 is a high performance, low power, © 13 Ranges: 
auto-ranging digital multimeter IC. Unlike other autoranging 4 DC Voltage—400 mV, 4V, 40V, 400V 
multimeter ICs, the |CL7139 always displays the result of a 1 AC Voltage—400V 
conversion on the correct range. There is no “range hunt- 4 DC Current—4 mA, 40 mA, 400 mA, 4A 
ing” noticeable in the display. The unit will autorange be- 4 Resistance—4 KN, 40 KO, 400 KO, 4 MO 
tween the four different ranges. A manual switch is used to ® Autoranging—First Reading is Always on Correct 
select the 2 high group ranges. DC current ranges are 4 mA Range 


and 40 mA in the low current group, 400 mA and 4A in the ; : : ; 
high current group. Resistance measurements are made on * On-Chip Duplex LCD Display Drive Including Three 


4 ranges, which are divided into two groups. The low resist- Sse Pots and Pbennunciatore p 
ance ranges are 4/40 kilohms. High resistance ranges are * No Additional Active Components Required 
0.4/4 megohms. Resolution on the lowest range is 1 ohm. © Low Power Dissipation—Less than 20 mW—1000 


ORDERING INFORMATION Hour Typical Battery Life 


© Average Responding Converter for Sinewave Inputs 
Part Temperature 
Number Range Package 


® Display Hold Input 
ICL7139CPL 0°C to+70°C | 40 Pin Plastic DIP 


® Continuity Output Drives Piezoelectric Beeper 
© Low Battery Annunciator with On-Chip Detection 


© Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 


ICL7139CPL 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301671-004 


NOTE: All typical values have been characterized but are not tested. 2-103 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vt toV—) ........ ccc cece cence eee 15V Storage Temperature Range........... — 65°C to + 130°C 

Reference Input Voltage (Vper to COM)........ ee 3V Lead Temperature (Soldering, 10 sec).......... «+. 300°C 

Analog Input Current............... 0... eee eee eee 100 pA NOTE: Stresses above those listed under “Absolute Maximum Ratings” 

(IN + Current or IN + Voltage) | may cause permanent damage to the device. These are stress ratings only 

: + ears and functional operation of the device at these or any other conditions 

Clock Input Swing...............seeee eee VT tov 3 above those indicated in the operational sections of the specifications is not 

Power Dissipation (Plastic Package) ............. 800 mW implied. Exposure to absolute maximum rating conditions for extended peri- 
Operating Temperature Range ............. 0°C to +70°C 00S ay .GHOCL Gevice Telabiity. 


ELECTRICAL CHARACTERISTICS Vt = + 9.0V, Ta = +25°C, Vag adjusted for —3.700 reading on DC 


volts, test circuit as shown in Figure 3. Crystal = 120 kHz. | ; 


Parameter | TestConditions | Min__| Typ_ 
MivorinorRin=0.00 | -000 | | +000 | 
= 
Accuracy DC V, 400 Volt Range Only (Note 1) 
Accuracy Ohms, 4K and 400K Range (Note 1) _ 
|_| #1 |%orRDG + 9 
Accuracy DC |, Unadjusted for FS 
Accuracy DC |, Adjusted for FS (Note 1) 
Accuracy AC V (Note 6) 
Open Circuit Voltage for Ohms Measurements Veer} =o | 
Noise (Note 2, 95% of Time) 
Noise (Note 2, 95% of Time) 
Supply Current 


Vin = Vt toV— 50 


V 


7 
8 
ee ee 
Croap = 10 nF 
Range = Low Ohms, Vper = 1.00V 


NOTE 1: Accuracy is defined as the worst case deviation from ideal input value including: offset, linearity, and rollover error. 
2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes. 
3: Applies to pins 17-20. 
4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7139 will continue to operate correctly with a supply 
voltage above 7 volts and below 11 volts. 
5: For 50 Hz use a 100 kHz crystal. 
6: Guaranteed by design, not tested. 


RDG = Reading 


NOTE: All typical values have been characterized but are not tested. 
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4 
L 


SWITCHES 
| PIEZO. 
| ELECTRIC 


CONTROL LOGIC 
INCLUDING ariven 
AUTORANGING LOGIC 
BEEPER 


DISPLAY 
DRIVER 
AND DISPLAY 
COUNTERS, LATCHES 


DIGITAL COMMON 


POWER ANALOG SECTION 
SUPPLY ANALOG SWITCHES, INTEGRATOR, 
SECTION AND COMPARATOR 


a EXTERNAL 
SOM RESISTORS 


AND 
CAPACITORS 
Figure 2: Functional Diagram 


3%/,-Digit Autoranging DMM Using Harris’ ICL7139 


3.3 nF 
120 KHz 
0.1 uF CRYSTAL 


14) 15] 21] 22 


TRIPLE Cy7 Cyyp OSC OSC 
POINT OUT IN 


DEINTEGRATE 
TO 
INTEGRATE (V/@) DISPLAY 


BEEPER 


16 

yt : 

INPUTS | 
+ 


V/0/uA ~ ICL7139 a 
mA © —= BATTERY 


Hio. /DC 


@ OFF 
HIO /DC 


Vad 
Loo [AG N/c 


OFF 
eo 


a/V/A 
REF IN HOLD 
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ve 20 
o—-> \* 
AUTO, Jc 
20K 


Figure 3: ICL7139 Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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Table 1: Pin Numbers and Function 


Segment Driver POL/AC 
_ Backplane 2 
Backplane 1 


Reference Input | 
o Ohms 
i Ohms 
Deintegrate 
Analog Common 


— 
he) 


Int V/Ohms 
Triple Point 


—_ 
f& | 


Auto Zero Capacitor (Caz) 
Integrate Capacitor (Cj) 
Beeper Output 


15 

16 

17 

Ohms/V/A 

Hi Ohms DC/Lo Ohms AC 
old 

Oscillator Out 

Oscillator In 

Segement DRIVER k/m 

Segment Driver Ohms/A 

Segment Driver MOhms/pA 

Segment Driver Lo Bat/V 

Segment Driver Bp/Co 

Segment Driver Ap/Do__- 
egment Driver Go/Eg 
egment Driver Fo/DP, 

31 Segment Driver B;/C, 


| oO | 32 | SegmentDriverAy/D1 
| oO | 33 | Segment DriverGy/E1 | 
| O | 34 | Segment DriverF4/DP1 | 
| oO | 35 | Segment Driver Ba/Co 


Segment Driver Ao/Do . 


nN N 
oa; > 


~J 


© 


NIN I 3 moe oe <|< 
> ly + 
~ 
a= 
> 


Segment Driver Go/Eo 
Segment Driver Fo/DP3 
Segment Driver B3/C3 
Segment Driver ADG3/Eg 


| 6 


NOTE: For segment drivers, segments are listed as (segment for backplane 
1)/(segment for backplane 2). Example: pin 27; segment Bo is on 
backplane 1, segment Co is on backplane 2. 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


General 


Figure 2 is a simplified block diagram of the ICL7139. The 
digital section includes all control logic, counters, and dis- 
play drivers. The digital section is powered by V+ and Digi- 
tal Common, which is about 3V below V+. The oscillator is 
also in the digital section. Normally 120 kHz for rejection of 
60 Hz AC interference and 100 kHz for rejection of 50 Hz 
AC, the oscillator output is divided by two to generate the 
internal master clock. The analog section contains the inte- 
grator, comparator, reference section, analog buffers, and 
several analog switches which are controlled by the digital 
logic. The analog section is powered from V+ and V-. 


DC VOLTAGE MEASUREMENT 


Autozero 
Only those portions of the analog section which are used 


‘during DC voltage measurements are shown in Figure 5. As 


shown in the timing diagram (Figure 6), each measurement 
starts with an autozero (AZ) phase. During this phase, the 
integrator and comparator are configured as unity gain buff- 
ers and their non-inverting inputs are connected to Com- 
mon. The output of the integrator, which is equal to its off- 
set, is stored on Caz—the autozero capacitor. Similarly, the 
offset of the comparator in stored in Ciy7. The autozero 
cycle equals 1000 clock cycles which is one 60 Hz line cy- 
cle with a 120 kHz oscillator or one 50 Hz line cycle with a 
100 kHz crystal. 


Range 1 Integrate 


The ICL7139 performs a full autorange search for each 
reading, beginning with range 1. During the range 1 inte- 
grate period, internal switches connect the INT V/Ohm ter- 
minal to the Triple Point (Pin 13). The input signal is inte- 


- grated for 10 clock cycles, which are gated out over a peri- 
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od of 1000 clock cycles to ensure good normal mode rejec- 
tion of AC line interference. 


Range 1 Deintegrate 


At the beginning of the deintegrate cycle, the polarity of 
the voltage on the integrator capacitor (Cit) is checked, 
and either the DEINT* or DEINT~— is asserted. The integra- 
tor capacitor Cyt is then discharged with a current equal to 
Vree/Rpeint- The comparator monitors the voltage on 
Cint- When the voltage on Cyt is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the Cjy7 volt- 
age zero-crossing does not occur before 4000 counts have 
elapsed, the overload flag is set. “OL” (overload) is then 
displayed on the LCD. If the latched result is between 360 
and 3999, the count is transferred to the output latches and 
is displayed. When the count is less than 360, an under- 
range has occurred, and the ICL7139 then switches to 
range 2—the 40V scale. 


Range 2 

The range 2 measurement begins with an autozero cycle 
similar to the one that preceded range 1 integration. Range 
2 cycle length however, is one AC line cycle, minus 360 
clock cycles. When performing the range 2 cycle, the signal 
is integrated for 100 clock cycles, distributed throughout 


one line cycle. This is done to maintain good normal mode 
rejection. Range 2 sensitivity is ten times greater than range 
1 (100 vs. 10 clock cycle integration) and the full scale volt- 
age of range 2 is 40V. The range 2 deintegrate cycle is 
identical to the range 1 deintegrate cycle, with the result 
being displayed only for readings greater than 360 counts. If 
the reading is below 360 counts, the ICL7139 again asserts 
the internal underrange signal and proceeds to range 3. 


Range 3 


The range 3 or 4V full scale measurement is identical to: 
the range 2 measurement, except that the input signal is. 
integrated during the full 1000 clock cycles (one line fre- . 
quency cycle). The result is displayed if the reading’is great-- 


er than 360 counts. Underrange is asserted, and a range 4 
measurement is performed if the result is below 360 counts. 
Range 4 


This measurement is similar to the range 1, 2 and 3 mea- 
surements, except that the integration period is 10,000 
clock cycles (10 line cycles) long. The result of this mea- 
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surement is transferred to the output latches and displayed 
even if the reading is less than 360. 


Autozero 


After finding the first range for which the reading is above 
360 counts, the display is updated and an autozero cycle is 
entered. The length of the autozero cycle is variable which 
results in a fixed measurement period of 24,000 clock cy- 
cles (24 line cycles). 
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Figure 4: Display Segment Nomenclature 
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AR = AUTORANGE CHOPPER 
AZ = AUTOZERO 

INT = INTEGRATE 


Figure 5: Detailed Circuit Diagram for DC Voltage Measurement 


NOTE: All typical values have been characterized but are not tested. 
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_ Figure 6: Timing Diagram for DC Voltage Measurement 


DC CURRENT 


Figure 7 shows a simplified block diagram of the analog 
section of the ICL7139 during DC current measurement. 
The DC current-measurements are very similar to DC volt- 
age measurements except: 1) The input voltage is devel- 
oped by passing the input current through a 0.1 ohm (HI 
current ranges), or 9.9 ohm (LOW current ranges) current 
sensing resistor; 2) Only those ranges with 1000 and 10,000 


~ clock cycles of integration are used; 3) The Riyt ; resistor is 


1 megohm, rather than the 10 megohm value used for the 
Rint v resistor. 


NOTE: All typical values have been characterized but are not tested. 


i 


By using the lower value integration resistor, and only the 
2 most sensitive ranges, the voltage drop across the current 


sensing resistor is 40 mV maximum on the 4 mA and 


400 mA ranges; 400 mV maximum on the 40 mA and 4A 


-scales. With some increase in noise, these “burden” volt- 
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ages can be reduced by lowering the value of both the cur- 
rent sense resistors and the Ryijt | resistor proportionally. 
The DC current measurement timing diagram is similar to 
the DC-voltage measurement timing diagram, except in the 
DC current timing diagram, the first and second integrate 
and deintegrate phases are skipped. 


AC VOLTAGE MEASUREMENT 


As shown in Figure 8, the AC input voltage is applied 
directly to the ICL7139 input resistor. No separate AC to DC 
conversion circuitry is needed. The AC measurement cycle 
is begun by disconnecting the integrator capacitor and us- 
ing the integrator as an autozeroed comparator to detect 
the positive-going zero crossing. Once synchronized to the 
AC input, the autozero loop is closed and a normal inte- 
grate/deintegrate cycle begins. The ICL7139 resynchroniz- 
es itself to the AC input prior to every reading. Because 
diode D4 is in series with the integrator capacitor, only posi- 
tive current from the integrator flows into the integrator ca- 
pacitor, Cjy7. Since the voltage on Cyr is proportional to 
the half-wave rectified average AC input voltage, a conver- 
sion factor must be applied to convert the reading to RMS. 
This conversion factor is 7/2J2 = 1.1107, and the system 
clock is manipulated to perform the RMS conversion. As a 
. result.the deintegrate and autozero cycle times are reduced 
by 10%. 


Ratiometric Ohms Measurement 


- The ratiometric ohms measurement is performed by first 
integrating the voltage across an unknown resistor, Rx, then 


Vacr ore 
DEINT + 


29 DEINT + 
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effectively deintegrating the voltage across a known resistor 
(RENOWN? OF Rxenowngz Of Figure 9).. The shunting effect of 
Rinty does not affect the reading because it cancels exact- 
ly between integration and deintegration. Like the current 
measurements, the ohm measurements are split into two 
sets of ranges. LO ohms measurements use a 10 kil- 
ohm reference resistor, and the full scale ranges are 4 and 
40 kilohms. HI ohms measurements use a 1 megohm refer- 
ence resistor, and the full scale ranges are 0.4 and 4 me- 
gohms. The measurement phases and timing are the same 
as the measurement phases and timing for DC current ex- 
cept: 1) During the integrate phases the input voltage is the 
voltage across the unknown resistor Rx, and; 2) During the 
deintegrate phases, the input voltage is the voltage across 
the reference resistor Renown OF Renowne- 


Continuity Indication 

When the !ICL7139 is in the LO ohms measurement 
mode, the continuity circuit of Figure 10 will be active. When 
the voltage across Rx is less than approximately 100 mV, 
the beeper output will be on. When Renown is 10 kilohms, 
the beeper output will be on when Rx is less than 1 kilohm. 
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Figure 7: Detailed Circuit Diagram for DC Current Measurement 


NOTE: All typical values have been characterized but are not tested. 
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Common Voltage 


The analog and digital common voltages of the |CL7139 
are generated by an on-chip resistor/zener/diode combina- 
tion, .hown in Figure 11. The resistor values are chosen so 
the « efficient of the diode voltage cancels the positive 


temp: rature coefficient of the zener voltage. This voltage is - 
then ouffered to provide the analog common and the digital. 
common voltages. The nominal voltage between V+ and: 


analog common is 3V. The analog common buffer can sink 


about 20 mA, or source 0.01 mA, with an output impedance .. 


of 10 ohms. A pullup resistor to V+ may be used if more 
sourcing capability is desired. Analog common may be used 
to generate the reference voltage, if desired. 


Oscillator 


The ICL7139 uses a parallel resonant-type crystal in a 
Pierce oscillator configuration, as shown in Figure 12, and 
requires no other external components. The crystal elimi- 
nates the need to trim the oscillator frequency. An external 
signal may be capacitively coupled in OSC IN, with a signal 
level between 0.5 and 3V pk-pk. Because the OSC OUT 


TRIPLE POINT 
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pin is not designed to drive large external loads, loading on 
this pin should not exceed a single CMOS input. The oscilla- 
tor frequency is internally divided by two to generate the 
ICL7139 clock. The frequency should be 120 kHz to reject 
60 Hz AC signals, and 100 kHz to reject 50 Hz signals. 


- Display Drivers 


Figure 13 ‘shows typical LCD Drive waveforms, RMS. ON, * 
and RMS OFF voltage calculations. Duplex multiplexing is 
used to minimize the number of connections between the 
ICL7139 and the LCD. The LCD has two separate back- 
planes. Each drive line can drive two individual segments, 
one referenced to each backplane. The ICL7139 drives 334 
7-segment digits, 3 decimal points, and 11 annunciators. 
Annunciators are used to indicate polarity, low battery con- 
dition, and the range in use. Peak drive voltage across the 
display. is approximately: 3V. An LCD. with approximately 
1.4V RMS threshold voltage should be used. The third voit- 
age level needed for duplex drive waveforms is generated 
through an on-chip resistor string. The DC component of 
the drive waveforms is guaranteed to be less than 50 mV. 


RbeEINT 


DEINT 
——- ———— Q 


COMPARATOR 


S = AZ. ACS. ACINT 

T = (INT + ACS) AZAR 
ACS = AC SYNC 

AR = AUTORANGE CHOPPER 
AZ = AUTO-ZERO 

INT = INTEGRATE 


Figure 8: Detailed Circuit Diagram for AC Voltage Measurement 


NOTE: All typical values have been characterized but are not tested. 


Ternary Input 


The Ohms/Volts/Amps logic input is a ternary, or 3-level 
input. This input is internally tied to the common voltage 
through a high-value resistor, and will go to the middle, or 
“Volts” state, when not externally connected. When con- 
nected to V—, approximately 5 yA of current flows out of 
the input. In this case, the logic level is the ‘““Amps’”, or low 
state. When connected to V+, about 5 yA of current flows 
into the input. Here, the logic level is the ‘“Ohms”, or high 
state. For other pins, see Table 2. 


Table 2: Ternary Inputs Connections 


COMPONENT SELECTION 


For optimum performance while maintaining the low-cost 
advantages of the ICL7139, care must be taken when se- 
lecting external components. This section reviews specifi- 
cations and performance effects of various external compo- 
nents. 


Integrator Capacitor, Cjnt 


As with all dual-slope integrating convertors, the integra- 
tion capacitor must have low dielectric absorption to reduce 
linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar- 
bonate may be used in less critical applications. The 
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ICL7139 is designed to use a 3.3 nF (0.0033 pF) Cit with 
an oscillator frequency of 120 kHz and an Ryjyty of 10 meg- 
ohms. With a 100 kHz oscillator frequency (for 50 Hz line 
frequency rejection), Cijt and Rinty affects the voltage 
swing of the integrator. Voltage swing should be as high as 
possible without saturating the integrator. Saturation occurs 
when the integrator output is within 1V of either V+ or V-. 
Integrator voltage swing should be about +2V when using 
standard component values. For different Ryyty and oscilla- 
tor frequencies the value of Cyy7 can be calculated from: 


(Integrate Time) X< (Integrate Current) 

(Desired Integrator Swing) 
_ (10,000 x 2 X Oscillator Period) x 0.4V/Rinty 
(2V) 


CINT = 


Integrator Resistors 


The normal values of the Rint y and Ryyt | resistors are 
10 megohms and 1 megohm respectively. Though their ab- 
solute values are not critical, unless the value of the current 
sensing resistors are trimmed, their ratio should be 10:1, 
within 0.05%. Some carbon composition resistors have a 
large voltage coefficient which will cause linearity errors on 
the 400V scale. Also, some carbon composition resistors 
are very noisy. The class ‘‘A”’ output of the integrator begins 
to have nonlinearities if required to sink more than 70 pA 
(the sourcing limit is much higher). Because Rjjyt y drives a 
virtual ground point, the input impedance of the metor is 
equal to Rint vy. 


Deintegration Resistor, Rpg Int 


Unlike most dual-slope A/D converters, the ICL7139 uses 
different resistors for integration and deintegration. Rpeint 
should normally be the same value as Ryyty, and have the 
same temperature coefficient. Slight errors in matching may 
be corrected by trimming the reference voltage. 
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Figure 9: Detailed Circuit Diagram for Ratiometric Ohms Measurement 


NOTE: All typical values have been characterized but are not tested. 
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Autozero Capacitor, Caz 


The Caz is charged to the integrator’s offset voltage dur- 
ing the autozero phases, and subtracts that voltage from 
the input signal during the integrate phases. The integrator 
thus appears to have zero offset voltage. Minimum Cyz val- 
ue is determined by: 1) Circuit leakages; 2) Caz self-dis- 
charge; 3) Charge injection from the internal autozero 
switches. To avoid errors, the Caz voltage change should 
be less than 49 of a count during the 10,000 count clock 
cycle integration period for the 400 mV range. These re- 
quirements set a lower limit of 0.047 wF for Caz but 0.1 pF 
is the preferred value. The upper limit on the value of Caz is 


* set by the time constant of the autozero loop, and the 1 line 


cycle time period allotted to autozero. Caz may be several 
10s of microfarads before approaching this limit. 


The ideal Caz is a low leakage polypropylene or Teflon 
capacitor. Other film capacitors such as polyester, poly- 
styrene, and polycarbonate introduce negligible errors. If a 
few seconds of settling time upon power-up is acceptable, 
the Caz may be a ceramic capacitor, provided it does not 
have excessive leakage. 


Ohms Measurement Resistors 


Because the ICL7139 uses a ratiometric ohms measure- 
ment technique, the accuracy of ohms reading is primarily 
determined by the absolute accuracy of the Rxjowni and 
RKNOWN2. These should normally be 10 kilonms and 
1 megohm, with an absolute accuracy of at least 0.5%. 


RUNKNOWN 


ICL7139 


Current Sensing Resistors 


The 0.1 ohm and 9.9 ohm current sensing resistors con- 
vert the measured current to a voltage, which is then mea- 
sured using Rint }. The two resistors must be closely 
matched, and the ratio between Rjyt | and these two resis- 
tors must be accurate—normally 0.5%. The 0.1 ohm resis- 
tor must be capable of handling the full scale current of 4 
amps, which requires it to dissipate 1.6 watts. 


Continuity Beeper 


The Continuity Beeper output is designed to drive a piezo- 
electric transducer at 2 kHz (using a 120 kHz crystal), with a 
voltage output swing of V+ to V~. The beeper output off 
state is at the V+ rail. When crystals with different frequen- 
cies are used, the frequency needed to drive the transducer 
can be calculated by dividing the crystal frequency by 60. 


Display 

The ICL7139 uses a custom, duplexed drive display with 
range, polarity, and low battery annunciators. With a 3 volt 
peak display voltage, the RMS ON voltage will be 2.37V 
minimum; RMS OFF voltage will be 1.06V maximum. Be- 
cause the display voltage is not adjustable, the display 
should have a 10% ON threshold of about 1.4V. Most dis- 
play manufacturers supply a graph that shows contrast ver- 
sus RMS drive voltage. This graph can be used to deter- 
mine what the contrast ratio will be when driven by the 
ICL7139. Most display thresholds decrease with increasing 
temperature. The threshold at the maximum operating tem- 
perature should be checked to ensure that the “off” seg- 
ments will not be turned ‘‘on” at high temperatures. 


Figure 10: Continuity Beeper Drive Circuit 


NOTE 1: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately 1.5 kN. and enables the beeper driver to oscillate 
(between V~ and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output response is independent of the 
state of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor between pin 4 and pin 8 to insure 


a sharp on/off continuity detection. 


NOTE: All typical values have been characterized but are not tested. 
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Crystal 


The ICL7139 is designed to use a parallel resonant 
120 kHz or 100 kHz crystal with no additional external com- 
ponents. The Rs parameter should be less than 25 kilohms 
to ensure oscillation. Initial frequency tolerance of the crys- 
tal can be a relatively loose 0.05%. 


Switches 


Because the logic input draws only about 5 pA, switches 
driving these inputs should be rated for low current, or “dry” 
operations. The switches on the external inputs must be 
able to reliably switch low currents, and be able to handle 
voltages in excess of 400V AC. 


Reference Voltage Source 


A voltage divider connected to Vt and Common is the 
simplest source of reference voltage. While minimizing ex- 
ternal component count, this approach will provide the 
same voltage tempco as the ICL7139 Common—about 100 
PPM/°C. To improve the tempco, an ICL8069 bandgap ref- 
erence may be used (see Figure 14). The reference voltage 
source output impedance must be < Rpegjnt/4000. 


Applications, Examples, and Hints 


A complete autoranging 334, digit multimeter is shown in 
Figure 15. The following sections discuss the functions of 
specific components and various options. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 11: Analog and Digital Common Voltage Generator Circuit 


Meter Protection 


The ICL7139 and its external circuitry should be protect- 
ed against accidental application of 110/220V AC line volt- 
ages on the ohms and current ranges. Without the neces- 
sary precautions, both the 7139 and its external compo- 
nents could be damaged under such fault conditions. For 
the current ranges, fast-blow fuses should be used between 
S5A in Figure 15 and the 0.1 ohm and 9.9 ohm shunt resis- 
tors. For the ohms ranges, no additional protection circuitry 
is required. However, the 10 kilohm resistor connected to 
pin 7 must be able to dissipate 1.2W or 4.8W for short peri- 
ods of time during accidental application of 110V or 220V 
AC line voltages respectively. 
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Figure 12: Internal Oscillator Circuit Diagram 
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Printed Circuit Board Layout 
Considerations 


Particular attention must be paid to rollover performance, 
leakages, and guarding when designing the PCB for a 
ICL7139-based multimeter. 


Rollover Performance, Leakages, and 
Guarding | 


Because the ICL7139 system measures very low cur- 
rents, it is essential that the PCB have low leakage. Boards 
should be properly cleaned after soldering. Areas of particu- 
lar importance are: 1) The INT V/Q and INT | Pins; 2) The 
Triple Point; 3) The Rpgint and the Caz pins. 


The conversion scheme used by the ICL7139 changes 
the common mode voltage on the integrator and the capaci- 
tors Caz and Cy during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov- 
ing some of the charge on Cijnz and causing rollover error. 
Rollover error increases about 1 count for each picofarad of 
capacitance between Caz or the Triple Point and ground, 
and is seen as a zero offset for positive voltages. Rollover 
error is not seen as gain error. 


VpEAK 
BACKPLANE VpEAK/i2 
8) 


SEGMENT OFF 


ICL7139 


The rollover error causes the width of the +0 count to be 
larger than normal. The ICL7139 will thus read zero until 
several hundred microvolts are applied in the positive direc- 
tion. The ICL7139 will read —1 when approximately 
—100 pV is applied. 

The rollover error can be minimized by guarding the Triple 
Point and Caz nodes with a trace connected to the Ciyt 
pin, which is driven by the output of the integrator. Guarding 
these nodes with the output of the integrator reduces the 
stray capacitance to ground, which minimizes the charge 
error on Cyt and Caz. If possible, the guarding should be 
used on both sides of the PC board. 


Stray Pickup 


While the ICL7139 has excellent rejection of line frequen- 
cy noise and pickup in the DC ranges, any stray coupling 
will affect the AC reading. Generally, the analog circuitry 
should be as close as possible to the ICL7139. The analog 
circuitry should be removed or shielded from any 120V AC 
power inputs, and any AC sources such as LCD drive wave- 
forms. Keeping the analog circuit section close to the 
ICL7139 will also help keep the area free of any loops, thus 
reducing magnetically coupled interference coming from 
power transformers, or other sources. 
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Figure 13: Duplexed LCD Drive Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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Figure 14: External Voltage Reference Connection to ICL7139 
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Figure 15: Basic Multimeter Application Circuit for ICL7139 0079-15 


NOTE 1: Crystal is a Statek or SaRonix CX-iV type. 
2: Multimeter protection components have not been shown. 
3: Display is from LXD, part number 38D8RO2H (or equivalent). 
4: Beeper is from muRata, part number PKM24-4A0 (or equivalent). 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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Figure 16: PC Board Layout 
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GENERAL DESCRIPTION 


The Harris ICL7149 is a high performance, low power, 
autoranging digital multimeter IC. Unlike other autoranging 
multimeter ICs, the ICL7149 always displays the result of a 
conversion on the correct range. There is no “range hunt-. 
ing” noticeable in the display. The unit will autorange be- 
tween the four different ranges in the DC voltage, DC cur- 
rent and resistance measurement modes. A manual switch 
is used to select the 2 high group ranges. DC current ranges 
are 4 mA and 40 mA in the low current group, 400 mA and 
4A in the high current group. Resistance measurements are. 
made on 4 ranges, which are divided into two groups. The 
low resistance ranges are 4/40 kilohms. High resistance 
ranges are 0.4/4 megohms. Resolution on the lowest range 
is 1 ohm. 


ORDERING INFORMATION 


Part Temperature Pachade 
Number Range 9 
ICL7149CPL | O°Cto + 70°C | 40 Pin Plastic DIP 
ICL7149CM44 | 0°C to + 70°C | 44 Pin Surface Mount 
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ICL7149 
Low Cost 3%/-Digit 
Autoranging Multimeter 


FEATURES 


© 18 Ranges: 
4 DC Voltage—400 mV, 4V, 40V, 400V 
2 AC Voltage—with Optional AC Circuit 
4 DC Current—4 mA, 40 mA, 400 mA, 4A 
4 AC Current with Optional AC Circuit 
4 Resistance—4 kQ, 40 k©, 400 kf, 4 M2 


® Autoranging—First Reading is Always on Correct | 
Range 


® On-Chip Duplex LCD Display Drive Including Three 
Decimal Points and 11 Annunciators 


© Low Power Dissipation—Less than 20 mW—1000 
Hour Typical Battery Life 


® Display Hold Input 
® Continuity Output Drives Piezoelectric Beeper 
® Low Battery Annunciator with On-Chip Detection - 


® Guaranteed Zero Reading for 0 Volts Input on All 
Ranges 


O 


ICL7149CM44 


ooOoON ON Ft WwW DS ~~ 


TRIPLE POINT Co 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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S ICL7149 
= : 
oi 
@ ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vt toV—) ........ ccc ccc e eee eee 15V Storage Temperature Range........... —65°C to + 130°C 
Reference Input Voltage (Varr to COM)............... 3V Lead Temperature (Soldering, 10 sec).............. 300°C 
Analog Input Current.......... 00... . cee eee eee 100 pA NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
(IN+ Current or IN+ Voltage) may cause permanent damage to the device. These are stress ratings only 
“oR : oe + ae ae and functional operation of the device at these or any other conditions 
Glock Input Swing Agree By aot fe beac eto te y © Vr toV 3 above those indicated in the operational sections of the specifications is not 
“ Power Dissipation (Plastic Package) ............. 800 mW implied. Exposure to absolute maximum rating conditions for extended peri- 
Operating Temperature Range ............. 0°C to +70°C Des May elect Gevice 1eNaOInty: 


- . ELECTRICAL CHARACTERISTICS v+ = +9.0v, Ta = +25°C, Vref adjusted for — 3.700 reading on DC 


. volts, test circuit as shown in Figure 3. Crystal Frequency = 120 kHz. 


[__Parameter__—————*([| ‘Test onaitions [win | Typ [Wax [Units 
zeroinpaneating | Vorinory= 000 | 000 || ooo | vine 
Linearity Gest SaightLine) Notes) | Woo) Tt ft Yous 
oie es 
[ accuracyDCV, 400 VolRange Excuded | ote) ——*+| | | #090 | wormogs1_ 
[accuracy Ohms, aK and 400K Range | Woe) «dT —S—S*dtCSSC~*‘idtC*is |r ee 

an 

wera 

ae 


CC 
| AccuracyOhms, 40K and 4MegRange | (Notet) 
| Open Circuit Voltage for Ohms Measurements | unknown = tnfinty | 
| Noise (Note 2, 95% ofTimey | Vin =0,0CVolts | 
| Supply Curent | Vin =0,DCVottageRange | | 5 | 
| Analog Common (withRespecttoV+) | Icommon<10nA | 27 | 29 | at | 


Temperature Coefficient of Analog Common ICOMMON < 10 pA, 
Temp = 0°C-70°C 


Output Impedance of Analog Common IcoMMON < 100 HA Pee a ee ed 
Backplane/Segment Drive Voltage Average DC < 50 mV 


NOTE 1: Accuracy is defined as the worst case deviation from the ideal input value including: offset, linearity and rollover error. 


2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes. 
3: Applies to pins 17-20. | 


4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7149 will continue to operate correctly with a supply 
‘voltage above 7 volts and below 11 volts. 


5: Guaranteed by design, not tested. 
RDG = Reading 


NOTE: All typical values have been characterized but are not tested. 
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SWITCHES 


ICL7149 


“ee PF PP PP PF Ss ]37= Pe BF B@P we Pw PF PF KH = 4 


CONTROL LOGIC 
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DISPLAY 
DRIVER 
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COUN AND DISPLAY 


DIGITAL COMMON LATCHES i 
' 
! 
! 
1 
! 

J 


v*¥ Vv" COM EXTERNAL 
RESISTORS 
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CAPACITORS 


Figure 2: Functional Diagram 


3¥/,-Digit Autoranging DMM Using Harris’ ICL7149 


3.3 nF 
120 kHz 


0.1 uF CRYSTAL 


14] 15] 21% 22 


TRIPLE Cy7 Cyr OSC OSC 
POINT 


DEINTEGRATE 
TO 
INTEGRATE(V/Q) DISPLAY 


BEEPER 


OUTPUT 
INTEGRATE (1) 
yt 


1CL7149 


HI. /0C 
LO.a/AC 


© OFF 
HIO/0C. 


LO 2/AG N/C 


OFF 


a/V/A 
REF IN HOLD 


Figure 3: |CL7149 Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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Table 1: Pin Numbers and Functions 


1 Segment Driver, POL/AC 


Backplane 2 
Backplane 1 


2 i are 
Reference Input 


7 
10 
MN Se es 
12 
13 
14 
18 
16 
17 
18 
19 
20 
21 


Segment Driver Bo/Co 
Segment Driver Ag/Do 


4 
V- 


23 
24 


NOTE: For segment drivers, segments are listed as (segment for backplane 
1)/(segment for backplane 2). Example: pin 27; segment BO is on 
backplane 1, segment CO is on backplane 2. 


25 
27 
28 
29 
30 
31 
32 
33 
34 
_ 85 
37 
38 
39 


aS 
oO 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


General 


Figure 2 is a simplified block diagram of the ICL7149. The 
digital section includes all contro! logic, counters, and dis- 
play drivers. The digital section is powered by V+ and Digi- 
tal Common, which is about 3V below V+. The oscillator is 
also in the digital section. Normally 120 kHz for rejection of 
60 Hz AC interference and 100 kHz for rejection of 50 Hz 
AC, the oscillator output is divided by two to generate the 
internal master clock. The analog section contains the inte- 
grator, comparator, reference section, analog buffers, and 
several analog switches which are controlled by the digital 
logic. The analog section is powered from V+ and V~-. 


DC VOLTAGE MEASUREMENT 


Autozero 


Only those portions of the analog section which are used 
during DC voltage measurements are shown in Figure 5. As 
shown in the timing diagram (Figure 6), each measurement 
starts with an autozero (AZ) phase. During this phase, the 
integrator and comparator are configured as unity gain buff- 
ers and their non-inverting inputs are connected to Com- 
mon. The output of the integrator, which is equal to its off- 
set, is stored on Caz, the autozero capacitor. Similarly, the 
offset of the comparator is stored in Cjy7. The autozero 
cycle equals 1000 clock cycles, which is one 60 Hz line 
cycle with a 120 kHz crystal, or one 50 Hz line cycle with a 
100 kHz crystal. 


Range 1 Integrate 


The ICL7149 performs a full autorange search for each 
reading, beginning with range 1. During the range 1 inte- 
grate period, internal switches connect the INT V/Ohm ter- 


‘minal to the Triple Point (Pin 13). The input signal is inte- 


grated for 10 clock cycles, which are gated out over a peri- 
od of 1000 clock cycles to ensure good normal mode rejec- 
tion of AC line interference. 


Range 1 Deintegrate 


At the beginning of the deintegrate cycle, the polarity of 
the voltage on the integrator capacitor (Cjy7) is checked, 
and either the DEINT+ or DEINT— is asserted. The integra- 
tor capacitor CyyT is then discharged with a current equal to 
Vrer/Rpeint- The comparator monitors the voltage on 
Cint: When the voltage on Cyt is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the Cyy7 volt- 
age zero-crossing does not occur before 4000 counts have 
elapsed, the overload flag is set. “OL” (overload) is then 
displayed on the LCD. If the latched result is between 360 
and 3999, the count is transferred to the output latches and 
is displayed. When the count is less than 360, an under- 
range has occurred, and the ICL7149 then switches to 
range 2—the 40V scale. 


Range 2 


The range 2 measurement begins with an autozero cycle 
similar to the one that preceded range 1 integration. range 2 
cycle length however, is one AC line cycle, minus 360 clock 
cycles. When performing the range 2 cycle, the signal is 
integrated for 100 clock cycles, distributed throughout one 
line cycle. This is done to maintain good normal mode rejec- 
tion. Range 2 sensitivity is ten times greater than range 1 
(100 vs 10 clock cycle integration) and the full scale voltage 
of range 2 is 40V. The range 2 deintegrate cycle is identical 
to the range 1 deintegrate cycle, with the result being dis- 
played only for readings greater than 360 counts. If the 
reading is below 360 counts, the ICL7149 again asserts the 
internal underrange signal and proceeds to range 3. 


Range 3 


The range 3 or 4V full scale measurement is identical to 
the range 2 measurement, except that the input signal is 
integrated during the full 1000 clock cycles (one line fre- 
quency cycle). The result is displayed if the reading is great- 
er than 360 counts. Underrange is asserted, and a range 4 
measurement is performed if the result is below 360 counts. 


INT V/0. 


DEINT* 


6%) DEINT* 


COMMON 


ICL7149 


Range 4 


This measurement is similar to the range 1, 2 and 3 mea- 
surements, except that the integration period is 10,000 
clock cycles (10 line cycles) long. The result of this mea- 
surement is transferred to the output latches and displayed 
even if the reading is less than 360. 


Autozero 


After finding the first range for which the reading is above 
360 counts, the display is updated and an autozero cycle is 
entered. The length of the autozero cycle is variable which 
results in a fixed measurement period of 24,000 clock cy- 
cles (24 line cycles). 


DIGIT = 3 2 


1 0 
rd A y Va 


~~ OY 


GEE. 
IE p: kQ MO 
C3) 


a i 


DP3 DP2 DP1 
0094-4 
Figure 4: Display Segment Nomenclature 
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04 = Vrer 
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COMPARATOR TO LOGIC SECTION 


T =(INT)(AR)(AZ) 

AR = AUTORANGE CHOPPER 
AZ = AUTOZERO 

INT = INTEGRATE 


Figure 5: Detailed Circuit Diagram for DC Voltage Measurement 


NOTE: All typical values have been characterized but are not tested. 
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UNDERRANGE | —— AUTO=ZERO L 
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t 
UNDERRANGE | __] AUTO=ZERO 
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Line Frequency Cycles 
(1 Cycle = 1000 Internal Clock Pulses = 2000 Oscillation Cycles) 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 


Figure 6: Timing Diagram for DC Voltage Measurement 


DC CURRENT 


Figure 7 shows a simplified block diagram of the analog 
section of the ICL7149 during DC current measurement. 
The DC current measurements are very similar to DC volt- 
age measurements except: 1) The input voltage is devel- 
oped by passing the input current through a 0.1 ohm (HI 
current ranges), or 9.9 ohm (LOW current ranges) current 
sensing resistor; 2) Only those ranges with 1000 and 10,000 
clock cycles of integration are used; 3) The Rjnt | resistor is 
1 megohm, rather than the 10 megohm value used for the 
Rint v resistor. — “ 


NOTE: All typical values have been characterized but are not tested. 
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By using the lower value integration resistor, and only the 
2 most sensitive ranges, the voltage drop across the current 
sensing resistor is 40 mV maximum on the 4 mA and 
400 mA ranges; 400 mV maximum on the 40 mA and 4A 
scales. With some increase in noise, these “burden” volt- 
ages can be reduced by lowering the value of both the cur- 
rent sense resistors and the Rjjyt7 ; resistor proportionally. 
The DC current measurement timing diagram is similar to 
the DC voltage measurement timing diagram, except in the 


DC current timing diagram, the first and second integrate 


and deintegrate phases are skipped. 


AC VOLTAGE MEASUREMENT 


The ICL7149 is designed to be used with an optional AC 
to DC voltage converter circuit. It will autorange through two 
voltage ranges (400V and 40V), and the AC annunciator is 
enabled as with the ICL7139. A typical averaging AC to DC 
converter is shown in Figure 8, while an RMS to DC con- 
verter is shown in Figure 9. AC current can also be mea- 
sured with some simple modifications to either .of the two 
circuits in Figures 8 and 9. 


Ratiometric Ohms Measurement 


The ratiometric ohms measurement is performed by first 
integrating the voltage across an unknown resistor, Rx, then 
effectively deintegrating the voltage across a known resis- 
tors (Renown OF Rxnowne2 of Figure 10). The shunting 
effect of Rinty does not affect the reading because it can- 


cels exactly between integration and deintegration. Like the: 


current measurements, the ohm measurements are split 
into two sets of two ranges. LO ohms measurements use a 
10 kilohm reference resistor, and the full scale ranges are 4 
and 40 kilohms. H! ohms measurements use a 1 megohm 
reference resistor, and the full scale ranges are 0.4 and 4 
megohms. The measurement phases and timing are the 
same as the measurement phases and timing for DC cur- 
rent except: 1) During the integrate phases the input voltage 
is the voltage across the unknown resistor Rx, and; 2) Dur- 
ing the deintegrate phases, the input voltage is the voltage 
across the reference resistor Rknowni Or Rxenownz- 


Continuity Indication 


When the ICL7149 is in the LO ohms measurement 
mode, the continuity circuit of Figure 11 will be active. When 
the voltage across Rx is less than approximately 100 mV, 
the beeper output will be on. When Renown is 10 kilohms, 
the beeper output will be on when Rx is less than 1 kilohm. 


Common Voltage 


The analog and digital common voltages of the ICL7149 
are generated by an on-chip resistor/zener/diode combina- 
tion, shown in Figure 12. The resistor values are chosen so 
the coefficient of the diode voltage cancels the positive 
temperature coefficient of the zener voltage. This voltage is 
then buffered to provide the analog common and the digital 
common voltages. The nominal voltage between Vt and 
analog common is 3V. The analog common buffer can sink 
about 20 mA, or source 0.01 mA, with an output impedance 
of 10 ohms. A pullup resistor to V+ may be used if more 
sourcing capability is desired. Analog common may be used 
to generate the reference voltage, if desired. 


NOTE: All typical values have been characterized but are not tested. 
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Oscillator 


The ICL7149 uses a parallel resonant-type crystal in a 
Pierce oscillator configuration, as shown in Figure 13, and 
requires no other external components. The crystal elimi- 
nates the need to trim the oscillator frequency. An external 
signal may be capacitively coupled to OSC IN, with a signal 
level between 0.5V and 3V pk-pk. Because the OSC OUT 
pin is not designed to drive large external loads, loading on 
this pin should not exceed a single CMOS input. The oscilla- 
tor frequency is internally divided by two to generate. the 
ICL7149 clock. The frequency should be 120 kHz to reject 
60 Hz AC signals, and 100 kHz to reject 50 Hz signals. 


Display Drivers 
Figure 14 shows typical LCD Drive waveforms, RMS ON, 


and RMS OFF voltage calculations. Duplex multiplexing is - 
used to minimize the number of connections between -the :-.. 


ICL7149 and the LCD. The LCD has two separate back- 
planes. Each drive line can drive two individual segments, 
one referenced to each backplane. The ICL7149 drives 33/, 
7-segment digits, 3 decimal points, and 11 annunciators. 
Annunciators are used to indicate polarity, low battery con- 
dition, and the range in use. Peak drive voltage across the 
display is approximately 3V. An LCD with approximately 
1.4V RMS threshold voltage should be used. The third volt- 
age level needed for duplex drive waveforms is generated 
through an on-chip resistor string and the DC component of 
the drive waveforms is guaranteed to be less than 50 mV. 


Ternary Input 


The Ohms/Volts/Amps.logic input is a ternary, or 3-level : 


input. This input is internally tied to the common voltage 
through a high-value resistor, and will go to the middle, or 
“Volts” state, when not externally connected. When con- 
nected to V—, approximately 5 yA of current flows out of 
the input. In this case, the logic level is the ‘“‘“Amps”, or low 
state. When connected to V+, about 5 yA of current flows 
into the input. Here, the logic level is the “Ohms”, or high 
state. For other pins, see Table 2. 


Table 2: Ternary Inputs Connections 


Test 


a ee oe 
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COMPONENT SELECTION 


For optimum performance while maintaining the low-cost 
advantages of the ICL7149, care must be taken when se- 
lecting external components. This section reviews specifi- 

_cations and performance effects of various external compo- 
nents. 


Integrator Capacitor, Cinty 
As with all dual-slope: integrating convertors, the integra- 
tion capacitor must have low dielectric absorption to reduce 
- linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar- 
bonate may be used in less critical applications. The 
ICL7149 is designed to use a 3.3 nF (0.0033 pF) Cyy7 with 


SQT AZO 


pre 


DEINT* 


6) DEINT* 


ICL7149 


an oscillator frequency of 120 kHz and an Rinty of 10 me- 
gohms. With a 100 kHz oscillator. frequency (for 50 Hz line 
frequency rejection), both Cjy7 and Rinty affect the voltage 
swing.of the integrator. Voltage swing should be as high as 
possible without saturating the integrator, which occurs 
when the-integrator output is within 1V of either Vt or V-. 
Integrator. voltage swing should be about +2V when using 
standard component values. For different Rinty and oscilla- 
tor frequencies the value of Cjy7 canbe calculated from: 


_. (Integrate Time) x (Integrate Current) 
(Desired Integrator Swing) | 
_ (10,000 x 2 xX Oscillator Period) < 0.4V/Rintv 
(2V) 


CintT 


DEINT” @9 QS)DEINT™ 
AZ 


ve arn Veer 


; 7, .LOGIC SECTION 


COMPARATOR 


INTEGRATOR 


T= (INT)(AR)(AZ) 

AR = AUTORANGE CHOPPER 
AZ = AUTOZERO 

INT = INTEGRATE 


Figure 7: Detailed Circuit Diagram for DC Current Measurement 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: Diodes are low-leakage ID100. 
Figure 8: AC Voltage Measurement Using Optional Averaging Circuit . 
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Figure 9: AC Voltage Measurement Using Optional RMS Converter Circuit 


NOTE: All typical values have been characterized but are not tested. 
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Figure 11: Continuity Beeper Drive Circuit 


NOTE: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately 1.5 kN. and enables the beeper driver to oscillate 
(between V~ and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output response is independent of the state 
of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor between pin 4 and pin 8 to insure a 
sharp on/off continuity detection. 


NOTE: All typical values have been characterized but are not tested. 
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integrator Resistors 


The normal values of the Rint y and Riyt | resistors are 
10 megohms and 1 megohm respectively. Though their ab- 
solute values are not critical, unless the value of the current 
sensing resistors are trimmed, their ratio should be 10:1, 
within 0.05%. Some carbon composition resistors have a 
large voltage coefficient which will cause linearity errors on 
the 400V scale. Also, some carbon composition resistors 
are very noisy. The class “A”’ output of the integrator begins 
to have nonlinearities if required to sink more than 70 pA 
(the sourcing limit is much higher). Because Ry y drives a 
virtual ground point, the input impedance of the meter is 
equal to Rint vy. 


Deintegration Resistor, Rpgeint 


Unlike most dual-slope A/D converters, the ICL7149 uses 
different resistors for integration and deintegration. Rpeint 
should normally be the same value as Riyty, and have the 
same temperature coefficient. Slight errors in matching may 
be corrected by trimming the reference voltage. 


Autozero Capacitor, Caz 


The Caz is charged to the integrator’s offset voltage dur- 
ing the autozero phases, and subtracts that voltage from 
the input signal during the integrate phases. The integrator 
thus appears to have zero offset voltage. Minimum Caz val- 
ue is determined by: 1) Circuit leakages; 2) Caz self-dis- 
charge; 3) Charge injection from the internal autozero 
switches. To avoid errors, the Caz voltage change should 
be less than Yo of a count during the 10,000 count clock 
cycle integration period for the 400 mV range. These re- 
quirements set a lower limit of 0.047 wF for Caz but 0.1 pF 
is the preferred value. The upper limit on the value of Caz is 
set by the time constant of the autozero loop, and the line 
cycle time period allotted to autozero. Caz may be several 
10s of microfarads before approaching this limit. 


ICL7149 


The ideal Caz is a low leakage polypropylene or Teflon 
capacitor. Other film capacitors such as polyester, polysty- 
rene, and polycarbonate introduce negligible errors. If a few 
seconds of settling time upon power-up is acceptable, the 
Caz may be a ceramic capacitor, provided it does not have 
excessive leakage. 


Ohms Measurement Resistors 


Because the ICL7149 uses a ratiometric ohms measure- 
ment technique, the accuracy of ohms reading is primarily 
determined by the absolute accuracy of the Renown and 
Rxnowngz2. These should normally be 10 kilohms and 1 me- 
gohm, with an absolute accuracy of at least 0.5%. 


Current Sensing Resistors 


The 0.1 ohm and 9.9 ohm current sensing resistors con- 
vert the measured current to a voltage, which is then mea- 
sured using Riytz }. The two resistors must be closely 
matched, and the ratio between Ryjytz | and these two resis- 
tors must be accurate—normally 0.5%. The 0.1 ohm resis- 
tor must be capable of handling the full scale current of 4 
amps, which requires it to dissipate 1.6 watts. 


Continuity Beeper 


The Continuity Beeper output is designed to drive a piezo- 
electric transducer at 2 kHz (using a 120 kHz crystal), with a 
voltage output swing of V+ to V~. The beeper output off 
state is at the V+ rail. When crystals with different frequen- 
cies are used, the frequency needed to drive the transducer 
can be calculated by dividing the crystal frequency by 60. 


Display 

The ICL7149 uses a custom, duplexed drive display with 
range, polarity, and low battery annunciators. With a 3 volt 
peak display voltage, the RMS ON voltage will be 2.37V 
minimum; RMS OFF voltage will be 1.06V maximum. Be- 
cause the display voltage is not adjustable, the display 
should have a 10% ON threshold of about 1.4V. Most 
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Figure 12: Analog and Digital Common Voltage Generator Circuit 


NOTE: All typical values have been characterized but are not tested. 
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display manufacturers supply a graph that shows contrast 
versus RMS drive voltage. This graph can be used to deter- 
mine what the contrast ratio will be when driven by the 
ICL7149. Most display thresholds decrease with increasing 
temperature, and the threshold at the maximum operating 


temperature should be checked to ensure that the “off’’ 


segments will not be turned “on” at high temperatures. 


Crystal 


The ICL7149 is designed to use a parallel resonant 
120 kHz or 100 kHz crystal with no additional external com- 
ponents. The Rs parameter should be less than 25 kilohms 
to ensure oscillation. Initial frequency tolerance of the crys- 
tal can be a relatively loose 0.05% 


Switches 


Because the logic input draws only about 5 pA, switches 
driving these inputs should be rated for low current, or “dry” 
operations. The switches on the external inputs must be 
able to reliably switch low currents, and be able to handle 
voltages in excess of 400V AC. 


Reference Voltage Source 


A voltage divider connected to V* and Common is the 
simplest source of reference voltage. While minimizing ex- 
ternal Component count, this approach will provide the 
same voltage tempco as the ICL7149 Common—about 
100 PPM/°C. To improve the tempco, an ICL8069 bandgap 
reference may be used (see Figure 15). The reference volt- 
age source output impedance must be < Rpgint/4000. 
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Applications, Examples, and Hints 


A complete autoranging 3%/, digit multimeter is shown in 
Figure 16. The following sections discuss the functions of 
specific components and various options. 


Meter Protection 


The ICL7149 and its external circuitry should be protect- 
ed against accidental application of 110/220V AC line volt- 
ages on the ohms and current ranges. Without the neces- 
sary precautions, both the 7149 and its external compo- 
nents could be damaged under such fault conditions. For 
the current ranges, fast-blow fuses should be used between 
S5A in Figure 16 and the 0.1 ohm and 9.9 ohm shunt resis- 
tors. For the ohms ranges, no additional protection circuitry 
is required. However, the 10 kilohm resistor connected to 
pin 7 must be able to dissipate 1.2W or 4.8W for short peri- 
ods of time during accidental application of 110V or 220V 
AC line voltages respectively. 
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Figure 13: Internal Oscillator Circuit Diagram 
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Figure 14: Duplexed LCD Drive Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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Printed Circuit Board Layout 
Considerations 


Particular attention must be paid to rollover performance, 
leakages, and guarding when designing the PCB for a 
ICL7149-based multimeter. 


Rollover Performance, Leakages, 
and Guarding 


Because the ICL7139 system measures very low cur- 
rents, it is essential that the PCB have low leakage. Boards 
should be properly cleaned after soldering. Areas of particu- 
lar importance are: 1) The INT V/Q and INT | Pins; 2) The 
Triple Point; 3) The Rpgeint and the Caz pins. 


The conversion scheme used by the ICL7139 changes 
the common mode voltage on the integrator and the capaci- 
tors Caz and Cyt during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov- 
ing some of the charge on Ciyt and causing rollover error. 
Rollover error increases about 1 count for each picofarad of 
capacitance between Caz or the Triple Point and ground, 
and is seen as a zero offset for positive voltages. Rollover 
error is not seen as gain error. 


ICL7149 


The rollover error causes the width of the +0 count to be 
larger than normal. The ICL7139 will thus read zero until 
several hundred microvolts are applied in the positive direc- 
tion. The ICL7139 will read —1 when approximately 
—100 pV are applied. 


The rollover error can be minimized by guarding the Triple 
Point and Caz nodes with a trace connected to the Cyy7 
pin, which is driven by the output of the integrator. Guarding 
these nodes with the output of the integrator reduces the 
stray capacitance to ground, which minimizes the charge 
error on Ciyt and Caz. If possible, the guarding should be 
used on both sides of the PC board. 


Stray Pickup 


While the ICL7149 has excellent rejection of line frequen- 
cy noise and pickup in the DC ranges, any stray coupling 
will affect the AC reading. Generally, the analog circuitry 
should be as close as possible to the ICL7149. The analog 
circuitry should be removed or shielded from any 120V AC 
power inputs, and any AC sources such as LCD drive wave- 
forms. Keeping the analog circuit section close to the 
ICL7149 will also help keep the area free of any loops, thus 
reducing magnetically coupled interference coming from 
power transformers, or other sources. 


E DEINTEGRATE TRIPLE POINT 


INTEGRATE VOLT/OHM 


INTEGRATE CURRENT 


EXTERNAL 
REFERENCE 


REFERENCE INPUT 
ANALOG COMMON 


Figure 15: External Voltage Reference Connection to ICL7149 


NOTE: All typical values have been characterized but are not tested. 
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0094-16 
S2 Closed: HiN-DC 
S3 Closed: Hold Reading 
Figure 16: Basic Multimeter Application Circuit for ICL7149 


NOTE 1: Crystal is a Statek CX-1V type. 
2: Multimeter protection components have not been shown. 
3: Display is from LXD, part number 38D8RO02H or equivalent. 
4: Beeper is from muRata, part number PKM24-4A0 or equivalent. 
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Figure 17: PC Board Layout 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The Harris 1CL7182 is a complete analog-to-digital con- 
verter (ADC) that directly drives a multiplexed liquid crystal 
display (LCD). Included are a charge-balanced ADC, a 
2.56V bandgap reference, display decode and driver, and a 
50 kHz oscillator. Only a display and three passive compo- 
nents are required for a complete analog bargraph. 


The fully differential analog and reference inputs may be 
operated anywhere between and including the supply rails. 
This allows sensing either ground-referenced signals or 
bridge configurations. Linearity and zero offset errors are 
guaranteed to be less than 0.5% for a 1V full-scale input. 
The full-scale differential input range is 200 mV to 1.1V. 


The low drift 50 ppm/°C reference is trimmed to 1.5% 
accuracy and, when used with a simple resistor divider, can 
set the full-scale input voltage. The reference, when used 
with an Harris ICL7660, extends the operating supply range 
from 3V to 40V and allows sensing input signals below 
ground. 


The backplane and segment drivers supply the LCD with 
the proper waveforms to create a discrete series of seg- 
ments forming a 101 segment bar which is proportional to 
the input voltage, with a plus or minus annunciator to indi- 
cate the polarity. In addition, three independent TTL control- 
lable annunciators are provided for limit or unit indication. 
The bargraph multiplexing scheme provides duplex contrast 
ratio and allows the complete system to be placed in a stan- 
dard 40 pin DIP. The LCD operating voltage is externally set 
to adjust contrast for a range of fluid types and temperature. 


The internal oscillator requires no external components 


and establishes the conversion rate and backplane clock : 


frequency. The nominal conversion rate of 25 per second 
can be easily changed between 15 to 40 conversions per 
second by adding a single capacitor or overdriving the oscil- 
lator. 


oo N OO OM Sf BD KB oO 


0093-1 
Figure 1: Pin Configurations 


ICL7182 
101 Segment LCD Bargraph 
A/D Converter 


FEATURES 

© 1% Resolution ... 100 Data Segments Plus Zero 
© No Missing Segments Guaranteed . 

® Single 5V Supply Operation 

® Only Three Passive Components Required 

© True Differential Input and Reference - 


® Direct LCD Display Drive Provides Duplex Contrast: 
Ratio 


© Overrange and Polarity Indication 


© Three User Defined Annunciators—Easily 
Expandable 


® Precision On-Chip Reference ... 50 ppm/°C 

© Low Average Power Consumption... 1.8 mW 
© 40 Pin DIP or 44 Pin Surface Mount Package 
© Extended Temperature Range Operation 


ORDERING INFORMATION © 


Part Temperature Package | 
Number Range Description 
ICL7182CPL 0°C to + 70°C/40-Pin Plastic DIP 
ICL7182CM44 0°C to + 70°C} 44-Pin Surface Mount 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


310675-002 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vcc to Vss) ....... cee ee ee ee eee eee 10V 
Supply Voltage (Vcc to Vps) .....-. Aceearidatvuese-es 11V 
Display Drive Pin Voltage...... (Voc + 0.3V) to (Vps —0.3V) 


Analog or Reference Inputs. . . 
Com, Osc, Ax, Ay, 


.(Vec + 0.3V) to (Vgg—0.3V) 


ICL7182 


Operating Temperature Range .......... — 25°C to + 85°C 
Continuous Total Power Dissipation (Ta = 25°C) 
-40 Pin DIP Plastic Package ................... 500 mW 
44 Pin CM Plastic Package ................... 375 mW 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 


| Oscillator Frequency Osc Pin Open kHz 
Backplane Frequency Osc Pin Open Hz 


Az, 71, 15 Pins.......... ee (Vect 0.3V) to (Vss — 0.3V) and functional operation of the device at these or any other conditions 
Reference Output GUrrONs eek bodes eos ees eek SS 8mA . above those indicated in the operational sections of the specifications is not 
: - implied. Exposure to absolute maximum rating conditions for extended peri- 
Lead Temperature (Soldering, 10 sec).............. 300°C Ads inay alec) devica releabitiy. 
Storage Temperature Range........... —65°C to + 150°C 


ELECTRICAL CHARACTERISTICS unless otherwise stated: Voc = 5.0V, Vsg = Vos = GND, Ta = 25°C, 


Vrer = 1.000V, VINcy = VREFcru = 2.5V, pin 6 open (Note 1) 


ieee eae | 


Zero Input Reading Vin = 0.0V 
- Unadjusted Gain Error Vin = VREF 
_ Linearity Error (Note 2) 


Rollover Error 

Conversion Time 

Display Update Rate 

Input Referred Noise 

DC Power Supply Rejection 


ANALOG INPUT 


Common Mode Rejection Ratio 
Differential Mode Input 
Average Input Current 


REFERENCE INPUT 


Common Mode Rejection Ratio VREFcy = 0.5V to 4.5V 0. Segs/V 
Average Input Current (Note 6) nA 
REFERENCE OUTPUT 


‘Output Voltage 
Temperature Coefficient 
Output Impedance 
Current Into VRout Pin 
Current Out of VRout 
Output Noise 


POWER SUPPLY 


Supply Current Average 
Supply Current Peak 
Supply Voltage Range 


OSCILLATOR 


Vin = —Vrer (Note 3) 


(Note'4) 
Voc = 4.5 to 6.0V 


VINcM = OV to 5V, Vin & OV 


Vin = 1.0V (Note 5) 


Voc - VRout, lout =.0 pA 
—25°C < Ta < 85°C, lout = 0 pA 
lout = +10 pAto —2mA 


0.1 Hz to 10 Hz (Note 4) 


(Note 6) 
(Note 6) 
Guaranteed by PSRR 


DISPLAY DRIVE 


Display Output Impedance 
DC Component of Display 
Vps Supply Current 


Vcc — Vos = 3V to 7V 
Vcc — Vps = 3V to 7V 
Voc — Vps = 3V to 7V (Note 7) 


70 200 ka, 
—50 +10 50 mV 
60 | 120 yA 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) Unless otherwise stated: Voc = 5.0V, Vsg = Vps = GND, 
Ta = 25°C, Vrer = 1.000V, VINCy = VREFcou = 2.5V, pin 6 open (Note 1) 


[win [tye [wax 


ANNUNCIATOR INPUTS 
2.4 V 
0.8 V 
=i] el pA 


Input High Voltage 
Input Low Voltage 

NOTE 1: The differential mode input voltages are defined as: Vij = (IN HI — IN LO) and VREF = (REF HI — REF LO). The common mode input voltage, VINcy 

and VREF cw, is defined as the average differential input voltage with respect to Vss. 


Operating Temp Range 
Operating Temp Range 
Operating Temp Range 


Input Leakage 


: The linearity error is the deviation from a straight line which passes through negative full scale and postive full scale readings. 

: The rollover error is defined as the difference in reading for equal positive and negative inputs near full-scale. 

: Peak to peak value not exceeded 95% of the time (+2 standard deviations). 

: Defined as the average current flowing into the input with a 1.0 uF capacitor across Vij or Vag inputs and the common mode voltage at ¥% VCC. 


: The average supply current is measured with a supply bypass capacitor and annunciator inputs tied to Vss. 


NO OH & © ND 


: The supply current for Vps flows from the Vcc pin. 


PIN DESCRIPTION AND FUNCTION 


Symbol Description 


Test pin #5, buffered oscillator frequency divided by two that can typically source and sink 2 mA. 
- Annunciator Segx select, low turns on Segx, high turns off Segx. 
Annunciator Segy select, low turns on Segy, high turns off Segy. 


Annunciator Segz select, low turns on Segz, high turns off Segz. 


50 kHz free running oscillator control and clock input pin. The internal oscillator may be 
overdriven by a 30 to 80 kHz external clock driving pin 6, or the free running frequency can be 
reduced by adding an external capacitor between pin 6 and Vcc. 


| 8 | vRout | Bandgap reference buffered output, down 2.56VfromVoc. 
| 9 | REFHI | PositiveReferenceInput 


Internally generated voltage which is typically within + 50 mV of Y% (Vcc — Vss) and has 1.4 kn. 
output impedance. This pin is normally left open or bypassed with a 0.1 wF capacitor to signal 
ground. 


Negative supply voltage, normally ground. 
Display negative voltage,.establishes the pk-pk display drive. 


sign 


NOTE: All typical values have been characterized but are not tested. 
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Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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Figure 3: ICL7182 using the internal reference. 
Values shown are for 1.000V full-scale, 25 readings 
per second, single 5V supply. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Average Analog Input Current vs. Average Reference Input Current vs. 
Frequency and Common Mode Voltage Frequency and Common Mode Voltage 
18 


VIN = 0.050V 


Average Input Current (nA) 
Average Input Current (nA) 


Oscillator Frequency (kHz) 


0093-5 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Backplane Output Impedance (k) Oscillator Frequency (kHz) 


Reference Bias Current 


Oscillator Frequency vs. Pin #6 Capacitor 
24 


Pin #6 Capacitance (pF) 


Backplane Output Impedance vs. 
Vps and Temperature 


0093-6 


Display Voltage (VCC-VDS) (Volts) 


Reference Bias Current vs. 
Breakdown Voltage 


0093-10 


NOTE: Alf typical values have been characterized but are not tested. 
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Oscillator Frequency vs. Temperature 
and Supply Voltage 


25 
24 


Oscillator Frequency (kHz) 
~ 


-40 -20 0 20 40 60 80 @ 100 
Temperature (°C) 


Annunciator Input Threshold vs. 
Power Supply Voltage 


Annunciator Input Threshold (Volts) 


4.5 5.0 5.5 6.0 
Power Supply Voltage (Volts) 


Reference Output Voltage WRT VCC (V) 


Temperature (°C) 
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FUNCTIONAL DESCRIPTION 


A functional diagram of the ICL7182 A/D converter is 
shown in Figure 2. The device operates on the cyclic con- 
verter principle implemented with switched capacitor ampli- 
fiers. Analog switches are closed sequentially by state ma- 
chine control logic to sample the input and perform a multi- 
ply-by-two and delay function. The sampled input charge is 
recirculated and compared to the reference to determine 
the weight of each bit. The sign is determined first and after 
18 cycles a 9-bit binary code is latched and the display is 
updated. 


Under normal operation the conversion requires 32 clock 
cycles and the display updates once every 2048 clock cy- 
cles. Before and during the conversion the supply current 
for the analog section increases from typically 300 pA to 
1.3 mA and remains high for a total of 96 clock cycles. The 
operation proceeds as follows: 


Clock Cycle 


Supply current increases from 300 pA to 
1.3mA 


Converter autozero begins 
IN LO is sampled 
IN Hl is sampled 


REF LO and REF HI are sampled once 
per clock cycle 


Converter output is latched and display is 
updated 


Supply current decreases from 1.3 mA to 
300 pA 


New conversion begins 


The changing supply current may result in a noisy reading 
if the supply dynamic impedance is high. This can be re- 
solved by using a supply bypass capacitor. 


Analog Inputs 


The analog and reference inputs are guaranteed to cor- 
rectly operate within the supply voltage. Both inputs will 
continue to function 200 mV to 400 mV outside of the sup- 
plies but the converter specifications degrade as the input 
protection diodes become forward biased. 


As the reference and analog inputs are sampled, tran- 
sient currents flow from the inputs to charge small internal 
capacitors. 


NOTE: All typical values have been characterized but are not tested. 
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These transient currents occur at the leading edge of the 
internal clock and decay at a rate determined by the input 
capacitance of the converter and the source resistance. 
Source resistances larger than Rs given in the equation be- 
low will cause conversion errors. 


4 
6 (Fosc) (Cin) 


Where: Fosc = Oscillator frequency 
Cin = 40 pF, typical input capacitance 
Rs = Source resistance 


Input Bypass Capacitor 


For source resistances larger than Rs above (typically 
80 kQ) bypass capacitors across the inputs will average 
these charging currents and cause a small DC current to 
flow through the output resistance of the analog and refer- 
ence source signals. The average input current is a function 
of the common mode voltage and the oscillator frequency 
(see typical graphs). This current is typically 2 nA for the 
analog input and 6 nA for the reference input. The effects of 
the voltage drops across source resistances, due to the av- 
erage value of input current, can be compensated by full- 
scale adjustment while the given source resistor and input 
bypass capacitor are in place. 


Reference Output 


The internal bandgap reference behaves like a 2.56V 
zener with the cathode tied to Vcc and the anode tied to 
VRout. The regulator circuitry maintains a low 1.329 output 
impedance for bias currents through the zener between 
90 pA and 2 mA. At minimum supply voltage the internal 
20 k©. resistor will provide 10 pA of current sink into VRout. 
The minimum sink current may be increased by adding an 
external resistor from VRout to Vss. 


The reference is internally trimmed to within 1.5% of 
2.56V. The reference output can be externally divided (see 
Figure 3) to establish the full-scale input. Two fixed value 
resistors with 1% tolerance will relate to a system accuracy 
of 2% RMS. 


Rs (max) = 
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Display Drive 

The binary output of the A/D converter is encoded to 
drive 8 segments that serpentine across thirteen back- 
planes of an LCD display. The backplanes are driven with 
three level signals and the segment lines are driven with 
two level signals. The three levels of the backplane are set 
by the Vcc supply, the Vps supply, and the output of a 
voltage divider which is connected between Vcc and Vps. 
The two levels of the segment drive are set by the Vcc and 
Vps supplies. 

The bargraph takes advantage of the fact that above a 
particular segment all segments will be off and below that 
segment all segments will be on, also that only one back- 
plane will have segments which are both on and off. The 
backplanes with all segments off are driven with an “off 
backplane” waveform, the backplanes with all segments on 
are driven with an “on backplane” waveform, and the one 
backplane with both on and off segments is driven with a 
“unique backplane” waveform. The off segments are driven 
with an off segment waveform and the on segments are 
driven with an on segment waveform with respect to the 
unique backplane. The sign segment and annunciator seg- 
ment drives are designed for use with respect to BP1. The 
phasing between display waveforms is shown in Figure 4. 


ON 
BACKPLANE 
WAVEFORM 


OFF 
BACKPLANE 
WAVEFORM 


UNIQUE 
BACKPLANE 
WAVEFORM 


ON 
SEGMENT 
WAVEFORM 


OFF 
SEGMENT 
WAVEFORM 
ON 
ANNUNCIATOR 
WAVEFORM 
OFF 
ANNUNCIATOR 
WAVEFORM 
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Figure 4: Display Drive Waveforms 


The LCD segments appear ON when the RMS voltage 
between the backplane and segment drives is greater than 
the 90%-ON voltage of the LCD fluid, and they appear OFF 
when the RMS voltage is less than 10%-ON voltage of the 
LCD fluid. For the % multiplexed (duplex) waveforms used 
on the ICL7182 a 2.25:1 contrast ratio is achieved. 


NOTE: All typical values have been characterized but are not tested. 
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Display Set Voitage 


The Vps pin sets the peak-to-peak amplitude of the dis- 
play drive waveforms. This voltage should be selected to 
give maximum contrast for a particular LCD fluid type and 
temperature. Good contrast ratio is obtained if Vps is set 
within the range determined by the equation below. 


(1.27)(Vthgg%) < (Vcc — Vps) S (2.26)(Vthy 9%) 


Where: Vthgopy, = 90% ON Visual Threshold 
Vthig% = 10% ON Visual Threshold 


For example the Hamlin Inc. type 02 LCD fluid has 
Vihggy, = 3.05V and Vthioy% = 2.2V, therefore the best 
contrast is achieved when Vcc — Vps is set between 3.9V 
and 5V. For most applications where Vcc is tied to a +5V 
supply the Vps pin can be tied to ground. 


To accommodate a large range of temperatures and fluid 
types the Vps pin can be driven above or below Vss. The 
voltage difference between Vcc and Vps can vary from 
from 3V to 7V. For Vcc — Vpgs less than 3V the output 
impedance of the backplane drivers increase substantially. 
The dependence of display drive output impedance on Vps 
and temperature is shown in the typical performance 
curves. 
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Figure 5: Contrast vs. Applied RMS Voltage 


Display Set Voltage (Continued) 
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0093-14 
Figure 6: Temperature Dependence 
of LC Threshold 


Temperature Effects and 
Temperature Compensation 


The performance of the IC material is affected by temper- 
ature in two ways. The response time of the display to 
changes in applied RMS voltage gets longer as the display 
temperature drops. At very low temperatures (— 20°C) some 
+ displays may take several seconds to change a new char- 
zacter after the new information appears at the outputs. 

However, for most applications above 0°C this will not be a 


problem with available multiplexed LCD materials, and for 


low-temperature applications, high-speed liquid crystal ma- 
terials are available. One high temperature effect to consid- 
er deals with plastic materials used to make the polarizer. 
Some polarizers become soft at high temperatures and per- 
manently lose their polarizing ability, thereby seriously de- 
grading display contrast. Some displays also use sealing 
materials unsuitable for high temperature use. Thus, when 
specifying displays the following must be kept in mind: liquid 
- crystal material, polarizer, and seal materials. 

Amore important effect of temperature is the variation of 
threshold voltage. For typical liquid crystal materials suit- 
able for multiplexing, the peak voltage has a temperature 
coefficient of —7 to —14 mV/°C. This means that as tem- 


NOTE: All typical values have been characterized but are not tested. 
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perature rises, the threshold voltage goes down. Assuming 
a fixed value for Vp, when the threshold voltage drops be- 
low Vp/3 OFF segments begin to be visible. Figure 6 shows 
the temperature dependence of peak voltage for the same 
liquid crystal material of Figure 5. 


For applications where the display temperature does not 
vary widely, Vp may be set at a fixed voltage chosen to 
make the RMS OFF voltage, Vp/3, just below the threshold 
voltage at the highest temperature expected. This will pre- 
vent OFF segments turning ON at high temperature (this at 
the cost of reduced contrast for ON segments at low tem- 
peratures). 


For applications where the display temperature may vary 
to wider extremes, the display voltage Vpisp (and thus Vp) 
may require temperature compensation to maintain suffi- 
cient contrast without OFF segments becoming visible. 


Display Voltage and Temperature 
Compensation 


These circuits allow control of the display peak voltage by 
bringing the bottom of the voltage divider resistor string out 
at pin 15. The simplest means for generating a display volt- 
age suitable to a particular display is to connect a potenti- 
ometer from pin 15 to Vss as shown in Figure 7. A potenti- 
ometer with a maximum value of 100 kN should give suffi- 
cient range of adjustment to suit most displays. This method 
for generating display voltage should be used only in appli- 
cations where the temperature of the chip and display won’t 
vary more than +5°C (+9°F), as the resistors on the chip 
have a positive temperature coefficient, which will tend to 
increase the display peak voltage with an increase in tem- 
perature. The display voltage also depends on the power 
supply voltage, leading to tighter tolerances for wider tem- 
perature ranges. 
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Figure 7: Simple Display 
‘Voltage Adjustment 
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Display Set Voltage (Continued) 


200k2 
POTENTIOMETER 


0093-16 
Figure 8A: Temperature compensation and contrast adjustment for LCD fluid types which have visual 
threshold tempcos of ~ — 10 mV/°C and operate with 3V to 4.0V. 


VRout 


ICL7182 


Vos 


0093-17 
Figure 8B: Generating a negative supply from + 5V to drive the display voltage pin below ground. This 
allows use of wide temperature LCD fluids which require peak-peak display drives of 3.5V to 7V. For LCD 
fluids which have threshold tempcos of ~ —8 mV/°C the collector of Q1 and 200 k{. resistor should be tied 
to Vrour, for larger threshold tempcos of ~ — 16 mV/°C this point should be tied to Vcc. 


Figure 9: Conceptually a flexible LCD contrast and temperature compensation 
using an ICL7664 can be designed in this manner. This technique allows adjusting 
the display voltage and temperature compensation independently. 


NOTE: Alf typical values have been characterized but are not tested. 
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Display Layout 

Custom displays developed for the ICL7182 need to be 
arranged such that the 8 segment lines serpentine across 
13 backplanes. The annunciators and first eight data seg- 
ments share a common backplane (BP1). An example lay- 
out is shown in Figure 10. This 1.3” by 4.5” display is avail- 
able from Hamlin Inc. (part # 4464-363-921) for prototyping 
and evaluation. 
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Figure 10: Custom LCD Layout 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS 
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0093-20 
Figure 11: 7182 using the internal reference. Values shown are for 1.00V full-scale, 1% adjustment 
sensitivity, 24 readings per second, 6V floating supply (four stacked 1.5V dry cells).* 


+5V To + 15V 
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0093-21 
Figure 12: 7182 using the internal reference and ICL7660 as a supply regulator. 
This allows sensing ground reference bipolar inputs with a single + 5V supply. 
Values shown for 1.00V full-scale, 0.25% adjustment sensitivity. 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continueg) 


TO LCD 
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0093-22 


TO 
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Figure 14: 7182 measuring ratiometric values of Quad Load Cell. 
The resistor values within bridge are determined by the desired sensitivity. 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 
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Figure 15: Tachometer with Set Point 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 


ICL7182 
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Display 


Is 


Ful'Scae Ady 
ICL7182 
11 Vint 


Zero Adjust 
8 Vref out 


Carrs 


AD590 
Temp. 15 VDS 


Sensor 50k 
VR3 


Vss 
14 
e te e 
DISPLAY CONTRAST |? | [°° | | 
ADJUSTMENT _. oa ie 


Decals show how zero can be offset by zero adjustment 


I 
= 
Oo 


eee 


0093-25 
Figure 16: Basic digital thermometer, Celsius and Fahrenheit scales. 
This Vps pin can be connected as shown in Figure 11. 


NOTE: All typical values have been characterized but are not tested. 
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HI-7159 


PRELIMINARY Microprocessor Compatible 
May 1991 52 Digit A/D Converter 


it HARRIS 


Features Description 


© +200,000 Count A/D Converter The Harris HI-7159 is a monolithic A/D converter that uses 

: ; P ’ a unique dual slope technique which allows it to resolve in- 
° 2V Full Scale Reading With 10uV Resolution put changes as small as 1 part in 200,000 (10yV) without 
e 15 Conversions Per Second in 512 Digit Mode the use of critical external components. Its digital 
autozeroing feature virtually eliminates zero drift. over 
temperature. The device is fabricated in Harris’ proprietary 
low noise BIMOS process, resulting in exceptional linearity 


¢ 60 Conversions Per Second in 4'2 Digit Mode 


e Serial or Parallel Interface Modes 


e Four Selectable Baud Rates 
e Differential Analog Input 
© Differential Reference Input 


© Digital Autozero 


and noise performance. 


The HI-7159’s resolution can be switched between a high 
resolution 200,000 count (5% digit) mode, and a high 
speed 20,000 count (4% digit) mode without any hardware 
modifications. In the 4% digit uncompensated mode, 
speeds of 60 conversions per second can be achieved. The 


HI-7159 is designed to be easily interfaced with most 
A pp lications microprocessors through either of its two serial and one 
parallel interface modes. In the serial modes, any one of four 
® Weigh Scales common.Baud rates is available. | 


¢ Part Counting Scales Ordering Information 


Pence -| PART NUMBER °~| TEMPERATURE RANGE PACKAGE 
e Process Control/Monitoring 
HI3-7159-5 0°C to +759C 28 Pin Plastic DIP 
® Energy Management : 


e Seismic Monitoring 


e Laboratory Instruments 


Pinout Functional Block Diagram 
28 LEAD PLASTIC DIP 
TOP VIEW 


Aanp 9? VEE oa T XTAL DGND 


INTEGRATOR | comMPARATOR | CONTROL 


BUS 
pinball INTERFACE 


UNIT 


YO PORTS 


ANALOG 
nee STATE 
CS/SAD4 MACHINE 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 2471 
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iCL8052/ICL7104 and ICL8068/ICL7104 


SIGE GANLDSU 74 OTR 


GENERAL DESCRIPTION 


The ICL7104, combined with the ICL8052 or ICL8068, 
forms a member of Harris’ high performance A/D converter 
family. The ICL7104-16, performs the analog switching and 
digital function for a 16-bit binary A/D converter, with full 
three-state output, UART handshake capability, and other 
outputs for easy interfacing. The ICL7014-14 is a 14-bit ver- 
sion. The analog section, as with all Harris’ integrating con- 
verters, provides fully precise Auto-Zero, Auto-Polarity (in- 
cluding +0 null indication), single reference operation, very 
high input impedance, true input integration over a constant 
period for maximum EMI rejection, fully ratiometric -opera- 
tion, over-range indication, and a medium quality built-in ref- 
erence. The chip pair also offers optional input buffer gain 
for high sensitivity applications, a built-in clock oscillator, 
and output signals for providing an external Auto-Zero capa- 
bility in preconditioning circuitry, synchronizing external mul- 
tiplexers, etc. 


ORDERING INFORMATION 


Part Number Temp. Range 


ICL8052CPD 0°C to + 70°C 14-Pin Plastic DIP 
ICL8052CDD 0°C to + 70°C 14-Pin Ceramic DIP 
ICL8052CJD 0°C to + 70°C 14-Pin CERDIP 
ICL8052ACPD | O°Cto +70°C 14-Pin Plastic DIP 
ICL8052ACDD | O°Cto + 70°C 14-Pin Ceramic DIP 
ICL8052ACJD 0°C to + 70°C 14-Pin CERDIP 


If 
7 
IK | 
] 
| 
| 
| 


CL7104 


ICL8052/! 


and iCL8068/ICL7104 


14/16-—Bit u.P-Compatible 
2-Chip A/D Converter 


FEATURES 


© 16/14 Bit Binary Three-State Latched Outputs Plus 
Polarity and Overrange 


© Ideally Suited for Interface to UARTs and 
Microprocessors 


© Conversion On Demand or Continuously 
© Guaranteed Zero Reading for Zero Volts Input 


© True Polarity at Zero Count for Precise Null 
Detection 


© Single Reference Voltage for True Ratiometric 
Operation 


® Onboard Clock and Reference 

© Auto-Zero; Auto-Polarity 

® Accuracy Guaranteed to 1 Count 
© All Outputs TTL Compatible 

© +4V Analog input Range 


© Status Signal Available for External Sync, A/Z in 
Preamp, etc 


Part Number Temp. Range 


ICL8068CDD O°C to +70°C | 14-Pin Ceramic DIP 
ICL8068ACDD O°C to +70°C | 14-Pin Ceramic DIP 
ICL8068ACJD O°C to +70°C | 14-Pin CERDIP 
ICL7104-14CPL | O°C to +70°C | 40-Pin Plastic DIP 
-1CL7104-16CPL | 0°Cto +70°C | 40-Pin Plastic DIP 


BITS 
OR POLG 15 14 19 12 11 10 ale. 7654 3 2 e 


OO 


Te Fe De Be epee pepo ep 


THREE STATE CUTFUTS 


— COMP. 18 Ff 300K) 
“et, Eoy 


) Cree (@) 


CONTAOL LOGIC 


-15¥. CLOCK CLOCK STTS 
(1) (2) 


Figure 1: ICL8052A (8068A)/ICL7104 16/14 Bit A/D Converter Functional Diagram 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


ICL8052/ICL7104 and ICL8068/ICL7104 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation (1) All Devices ................ 500mW ICL7104 
Storage Temperature .............. .. —65°C to + 150°C vt Supply (GND to sh een BURR Lome Meee 12V 
- Operating Temperature ................... 0°C to + 70°C OCA es hiicls banca te cm tate etal 32V 
Lead Temperature (Soldering, 10sec) ............. 300°C Positive Supply Voltage (GND to BED ae ees 17V 
ICL8052, 8068 Negative Supply Voltage (GNDtoV’) ............ —17V 
Supply VONAGC? ¢40n- da vauridcccet nw vctire Herne ea +18V Analog Input Voltage (Pins 32 - 39) (4) ....... VT * tov™ 
Differential Input Voltage (8068) .................. +30V Digital Input Voltage | n 
(8052) .......... cece +6V (Pins 2 —30) (5) ........... (GND —0.3V) to (V ° +0.3V) 
INPUL Voltage (2): on. 224s de cao ta ee eee et sie +15V 
Output Short Circuit Duration, 
All Outputs (3) conc sa ven bees Siwaesds sates Indefinite 


NOTE 1 Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher 
temperatures, derate 10mW/°C. 
2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 
3: Short circuit may be to ground or either supply. Rating applies to + 70°C ambient temperature. 
. 4 Input voltages may exceed the supply voltages provided the input current is limited to + 100pA. 
5: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device latchup. For this reason it is 
recommended that no inputs from sources not on the same power supply be applied to the ICL7104 before its power supply is established. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


yrt 
Hal INTEGRATOR OIG GND 
OUT sTTs 
POL. 
; BUFFER O.R. 
BIT 16 
BIT 15 
BIT 14 
BIT 13 1CL7104 1CL7104 
BIT 12 -16 -14 

BIT 11 

BIT 10 

BIT 9 

BIT 8 

BITT 

BIT 6 

BIT 5 

BIT 4 

BIT 3 

BIT 2 


v- 
COMP IN 
REFCAP 1 
VREF 

AZ 

ANALOG GND 
REFCAP 2 
BUF IN 
ANALOG I/P 


@ewvre Feat = 


PRBSRRASEVIBISSCRSEER ELBE 


0346-3 


(OUTLINE DWGS DL, JL, PL) 
(OUTLINE DWGS DD, JD, PD) Figure 2: Pin Configurations 


ICL7104 ELECTRICAL CHARACTERISTICS (vt = +5v,v** = +15V,V~ = —15V, Ta = 25°C, 


foLOCK = 200 kHz) 
Characteristics __[TestConditions | Min | Typ | Max | Unit | 

| Clock input | CLocK1, | Vin= +5Vto00v | +2 | +7 | +30 | BA | 

COMP IN (Note 1) 


Pua rsv [taf +s [+90 | wa 
with Pulldown 
SEN, A/F 


+2 
+1 
LBEN, MBEN, | | ~30 
Pullups HBEN, ce7ip J (Note) id 


NOTE: All typical values have been characterized but are not tested. 


ICL8052/1CL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL7104 ELECTRICAL CHARACTERISTICS 
(Vt = +5V,Vt* = +15V, V7 = —15V, Ta = 25°C, foLock = 200 kHz) (Continued) 


Symbol[ __Charactensticg | TestGonaions | win | Typ | wax [unt 


Bes 


Digital LBEN 
Outputs MBEN (16-only) 


VOH Three-Stated HBEN 
CE/LD 
BIT n, POL, OR 


STTS loL=3.2mA a 
OH One 


CLOCK 3 (—14 ONLY) lo=tema | ssa 


Es 
|Swiches2s | | 
Switeh | Switches45.6789 | | 
Switcn Leakage | | 
Le! 


O 


< 


=< 


Negative Supply 


NOTES: 1. This spec applies when not in Auto-Zero phase. 
2. Apply only when these pins are inputs, i.e., the mode pin is low, and the 7104 is not in handshake mode. 
3. Apply only when these pins are outputs, i.e., the mode pin is high or the 7104 is in handshake mode. 
4. Clock circuit shown in Figs. 15 and 16. , 
5. V+ must not be more positive than V + + 


NOTE: Alf typical values have been characterized but are not tested. 
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ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8068 ELECTRICAL CHARACTERISTICS  (Vsyppiy= +15V sinigaegtneiwise specified) 


| | Min | typ [Max] min | Typ | Max | 


EACH OPERATIONAL AMPLIFIER 


[Vos [npuorsctvonage ———iVew=v «| i] fe] [le] 
[in [Input Guenther npu Note) [Vow=ov |_| 178 [250] | 00 | 160] pa 
[eMAR | CommonMode Rejeionfaio [Vow= 2107 | 70 | 00 x= 


Non-Linear Component of Common- | Voy= +2V 
Mode Rejection Ratio (Note 2) 


Vos 
Large Signal Voltage Gain Ry, = 50k 20,000 al 
Siow Rate rr ae 
Unity Gain Bandwidth as ae ee 
Output Short-Circuit Current nas 
Vo 


| COMPARATOR AMPLIFIER 


Avo. | Small-signal Voltage Gain | RL=30KQ_— |_| 4000 ||| 
[+Vo [Positive Output Voltage Swing | Le 
[=Vo__[Negative Output VoltageSwing | | ~20 | -26] 
VOLTAGE REFERENCE 

2.0 | 1.60 
a ee 


a 
ma 


Temperature Coefficient fen eed 


Supply Voltage Range 
Supply Current Total 


ICL8052 ELECTRICAL CHARACTERISTICS  (vcupp_y= + 15V unless otherwise specified) 


mene [ni as 


EACH OPERATIONAL AMPLIFIER 


Tinpurorsetvonage sev | Cd | 
input Curent chor npu Note) [Vew=ov | | s [so] | 2 | 10 | pa” 


3 70 | 90 
Non-Linear Component of Common- Noursev | 110 
Mode Rejection Ratio (Note 2) 

20,000] | 
sewrats Cd 
[uniyGainBanawaty ——SidSSSC*dSC‘“‘“(CSY *C 
[Output shont-GreutGurent | ——«dYSS~*di 
COMPARATOR AMPLIFIER 


Negative Output Voltage Swing 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL7104 and ICL8068/I1ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/1ICL7104 and ICL8068/ICL7104 


ICL8052 ELECTRICAL CHARACTERISTICS  (Vsypp.y= +15V unless otherwise specified) (Continued) 


rot [eer 


VOLTAGE REFERENCE 
Wo oupavonge 

Tho | Owputhesisaco | 
[ro | Temperature Gooticent | 
aa 
ans 


Supply Voltage Range 
Supply Current Total 


NOTES: 1. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pd. Ty= Ta +RejaPd where Reya is the thermal resistance from junction to 
ambient. A heat sink can be used to reduce temperature rise. 

2. This is the only component that causes error in dual-slope converter. 


SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (v++=+15v,vt+=+5v, 
V—-=-—15V, foLock = 200kHz) (Note 4) 


Characteristics Test Conditions plc Mi 8068A/7104-16 

| Min | typ | Max | min | typ | Max 
Zero Input Reading Aas ~00000] +00000| +00000 | —00000] +.00000 | + 00000 | Counts 
REF — 


Ratiometric Error(1) Vin= VReF = 2.0000V 


0<T,a<50°C 
ext. ref. Oppm/°C 


Scale Factor Temperature (3) 
Coefficient 


ears ee 
Linearity over + Full Scale (error 
: : —4V<Vins+4V 0.5 1 0.5 1 LSB 
of reading from best straight line) -wewerv | [os | | | os | a 
Differential Linearity (difference 
between worst case step of —-4V<Vins +4V 01 01 LSB 
adjacent counts and ideal step) 
Rollover error (Difference in 
reading for equal positive & neg- 1 0.5 1 LSB 
ative voltage near full scale) 
Noise (P-P value not exceeded | Vj,=OV 9 By V 
95% of time) Full scale = 4.000V e 
Leakage Currentat Input(2) | Vin=0V | too | 15 | | 100 | 165 |pa | 
pos | | | os 
| & 


; . Vin= OV 
Zero Reading Drift O°C<Ta<70°C a 


NOTE: All typical values have been characterized but are not tested. 
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1CL8052/1ICL7104 and ICL8068/ICL7104 


SYSTEM ELECTRICAL CHARACTERISTICS: ICL8052/7104 (vt*t=+15v,v*=+5yv, 
V- = —-15V, fotocK = 200kHz) (Note 4) 


Characteristics Test Conditions sien i el 8052A/7104-16 


id Vin = 0.0V | 
Zero Input Reading Veer = 2.000V — 00000} + 00000) + 00000] — 00000} + 00000); + 00000 | Counts 
REF =<. 


—1 


Linearity over + Full Scale (error 

: rae —-4V<Vins + 
of reading from best straight line) Seige aN 
Differential Linearity (difference 
between worst case step of —4V<Vin< +4V 
adjacent counts and ideal step) 


Rollover error (Difference in 
reading for equal positive & —Vin= + Vin 4V 
negative voltage near full scale) 


Noise (P-P value not exceeded | Vj,=0V 
95% of time) Full scale = 4.000V 


Leakage Current at Input (2) 


0<T,as70°C 
0<Tas70°C 
(ext. ref. Oppm/°C) 


Zero Reading Drift 


Scale Factor Temperature 
Coefficient 


NOTES: 1. Tested with low dielectric absorption integrating capacitor. 

2. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Ty. Due to limited 
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pd. Ty=Ta+RejaPd where Rega is the thermal resistance from junction to 
ambient. A heat sink can be used to reduce temperature rise. 

3. The temperature range can be extended to 70°C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the high temperature 
leakage of the 8068. See note 2 above. 

4, SYSTEM ELECTRICAL CHARACTERISTICS are not tested; for reference only. 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/1CL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


roe 
‘ 


i => of CHIP SELECT 2 


Figure 4: Various Combinations of Byte Disables 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL7104 and ICL8068/ICL7104 


AC CHARACTERISTICS (v++=+15vV,V+=+5V,V-=~—15v) 
toes 


CE/LO 


AS INPUT 


o/s OM, WW |g 


asineutr LM MW 


tdab > 
> acs eae 
tanec 


téhb 
HIGH BYTE ( ep DATA 
OATA VALIO ( VALID 
MIDOLE BYTE > ean ems GREP CUES CUED cae GED CEP ED Ge eo oe ae eee ee oe ae ae OP aw ee Ge ae am eam DATA | DATA : 
ENABLE VALID ( VALID i 
LOW BYTE cn es acs ees su ei ty Sl mem wi sete iu im et Gens sii Ss Gils la ses Ce ca i ta DATA 
- ENABLE ( VALID 


omnn aD ane ame ame owe ame = HIGH IMPEDANCE 


Figure 5: Direct Mode Timing Diagram 


Table 1: Direct Mode Timing Requirements _ (Note: Not tested in production) 


[Symbol | Description / typ | Max | unit 
| toea |__XBEN Min. Pulse Width a a 
a a 
ae 
a a 
ee 

Typ 


| Name | 
tw 
tsm 
tme 
tmb 


i Min | 

| Sane 
| tap | Data Access TimefromXBEN | 
| tay | DataHoldTimetromXBEN | 
| toa |= CEZLD Min. Pulse With =| 
| tac | Data Access TimefromCE7ID | 
| tance | DataHoldTimetromCE7ED | 
a 

“Table 2: Handshake. Timing Requirements (Note: Not tested in production.) 

| tym | MODE pinsetuptime 

| ime __|__ MODE pin high tolowZ CE7LD high delay | 

[tne | Mone : 

| to | 


| CLOCK 14 High Time 
i ee ee cee 
MODE pin hightoXBENlowZ (high) delay | —_—_| 
toel CLOCK 4 high to CE/LD tow delay eae ae 
CLOCK 1 high to CE/LD high delay es 
CLOCK 1 high to XBEN low delay eee 


1100 
2000 
2000 
1250 1000 


Pte 

| ton | CLOCK thigh to XBEN high delay | 
| ten | CLOCK t high todataenableddelay 
| tes | Send ENablesetuptime 


| Max 
as 
ets 
ae 
Lae 
eee 
are 
ae 
ee 
Eo 
—_ae 
Ee 
eee! 
Pee 
ae 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/1CL7104 and ICL8068/ICL7104 


ICL8052/1CL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


CLOCK 1 (PIN 25) 


MODE PIN ; STABLE 
Orn: 


INTERNAL LATCH 
PULSE IF MODE “HI”. 


UART 
INTERNAL MODE 
NORM 


CE/LD 
DONT CARE 


BEN | "t= wy, <1. 7. 


H 
O/R,POL01-14 DATA VALID, STABLE 


Ll 
teh 


a teal 

cman ae a a PD OD WO Oe AER A oP aH Gr a 

LBEN ‘Line @ wae © an am at ame 
L a , 


- HANDSHAKE MODE TRIGGERED BY ~----0R= = THREE-STATE —o—= THREE-STATE W PULLUP ~be 
-14 BIT VERSION SHOWN -16 HAS EXTRA (MBEN) PHASE 


Figure 6: Handshake Mode Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL7104 and ICL8068/ICL7104 


|}2{a@nn | | Digital Ground .OV, ground return 
section is in Auto-Zero— 
BIT 16. —16 
BIT 14 —14 | (Most significant bit) 


Positive Supply Voltage 
STTS. STaTuS output. HI during 
Integrate and Deintegrate until 
configuration. 
4 |POL POLarity. Three-state output. HI: 
. for positive input. 
7 | BIT 15 —16 
BIT 13 —14 . 
BIT14 | —16 
BIT 12 —14 


1 {,vtt 
Nominally + 15V 
data is latched. LO when analog 
5 }oR | | OverRange. Three-state output. 
BIT 13 —16 
BIT 11 —14 


Data Bits, Three-state outputs. 


10 | BIT 12 —41g | See Table 4 for format 
BIT 10 —414 | of ENables and bytes. 
HIGH = true 


1 | BIT 11 —16 
BIT 9 —14 
12 | BIT 10 —16 
nc —14 


BIT 2 
Least significant bit. 


Low Byte ENable. If not in 
handshake mode (see pin 27) 
when LO (with CE/LD, pin 30) 
activates low-order byte outputs, 
BITS 1-8 

When in handshake mode (see 
pin 27), serves as a low-byte flag 
output. See Figures 12, 13, 14. 


Mid Byte ENable. Activates BITS 
9-16, see LBEN (pin 22) 

High Byte ENable. 

Activates BITS 9-14, POL, OR, 
see LBEN (pin 22) 


N 
@ 
— 


NO —_ — foe | oe | 
Nh | ive) NID | Ou] & 
rm 
88) 
m 
= 


NOTE: All typical values have been characterized but are not tested. 


Table. 3: Pin Descriptions 


[Pin| Symbol | Option| __—Description | 


Pin| Symbol.|Option| _—Description 
24 | HBEN —16 | High Byte ENable. Activates. 
POL, OR, see LBEN (pin 22). ° 
-1{CLOCK3 —14 |RC oscillator pin. Can be used 
~ | as clock output. 
Pin| Symbol 
25 | CLOCK1. | Clock input. External clock or ocsillator. 
26 | CLOCK2 | Clock output. Crystal or RC oscillator. 
Input LO; Direct output mode where CE/ 
LD, HBEN, MBEN and LBEN act as 
inputs directly controlling byte outputs. If 
pulsed HI causes immediate entry into 
handshake mode (see Figure 14). 
If Hl, enables CE/LD, HBEN, MBEN, and 
LBEN as outputs. Handshake mode will 
be entered and data output as in Figures 
12 & 13 at conversion completion. 


Run/Hold: Input Hl-conversions 
continously performed every 217(— 16) or 
215(— 14) clock pulses. Input LO- 
conversion in progress completed, 
converter will stop in Auto-Zero 7 counts 
before input integrate. 


Send-ENable: Input controls timing of 
byte transmission in handshake mode. HI 
indicates ‘send’. 


Chip-Enable/LoaD. With MODE (pin 27) 
LO, CE/LD serves as a master output 
enable; when HI, the bit outputs and POL, 
OR are disabled. With MODE HI, pin 
serves as a LoaD strobe (— ve going) 
used in handshake mode. See Figures 12 
& 13. 


Positive Logic Supply Voltage. Nominally 
+ 5V. 


= 
Ea 
Ela 
38 
39 


BUF IN BUFfer INput to analog chip (ICL8052 or . 
ICL8068) 


ANalog GrouND. Input low side and 
reference low side. 


REFCAP1 | REFerence CAPacitor (positive side). 
COMP-IN | COMParator INput from 8052/8068 


Negative Supply Voltage. Nominally 
— 15V. 


37 
38 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


Table 4: Three-State Byte Formats and ENable Pins 


CE/LD 


|p HeEN | BEN EN 
Pot|o/A| B16 | 615 |B14| B13 | B12/ B11 | B10| B9| Bs |67|B6)/ 65/64/89 [62/51 
ee =: 


LBEN 


811|610|89| 88/67/56) 85/64] 83/82] 61, 


D Q 


ZERO 
CROSSING 
F/F 


CL 


Figure 7A: Phase | Auto-Zero 


Cint 


INTEGRATOR COMP. PHASE I! 


ZERO 
CROSSING 
F/F 


CL 


Figure 7B: Phase II Integrate Input 


NOTE: All typical values have been characterized but are not tested. 
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ICL8052/1ICL7104 and ICL8068/ICL7104 


DETAILED DESCRIPTION 
Analog Section 


Figure 7 shows the equivalent Circuit of the Analog Sec- 


tion of both the ICL7104/8052 and the ICL7104/8068 in the 
3 different phases of operation. If the Run/Hold pin is left 
open or tied to V+, the system will perform conversions at 
a rate determined by the clock frequency: 131,072 for — 16 
and 32,368 for — 14 clock periods per cycle (see Figure 9 
conversion timing). 


Cint 
INTEGRATOR 


De 


rT Rint 


Auto-Zero Phase I Figure 7A 


During Auto-Zero, the input of the buffer is shorted to 
analog ground thru switch 2, and switch 1 closes a loop 
around the integrator and comparator. The purpose of the 
loop is to charge the Auto-Zero capacitor until the integrator 
output no longer changes with time. Also, switches 4 and 9 
recharge the reference capacitor to Vref. 
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Figure 7C: Phase Ill + Deintegrate 
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Figure 7D: Phase Ill — Deintegrate 


NOTE: All typical values have been characterized but are not tested. 
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Input Integrate Phase Il Figure 7B 


During input integrate the Auto-Zero loop is opened and 
the analog input is connected to the buffer input thru switch 
3. (The reference capacitor is still being charged to Vargr 
during this time.) If the input signal is zero, the buffer, inte- 
grator and comparator will see the same voltage that exist- 
ed in the previous state (Auto-Zero). Thus the integrator 
output will not change but will remain stationary during the 
entire Input Integrate cycle. If Vinjy is not equal to zero, an 
unbalanced condition exists compared to the Auto-Zero 
phase, and the integrator will generate a ramp whose slope 
is proportional to Vix. At the end of this phase, the sign of 
the ramp is latched into the polarity F/F. 


Deintegrate Phase Ill Figure 7C & D 


During the Deintegrate phase, the switch drive logic uses 
the output of the polarity F/F in determining whether to 
close switches 6 and 9 or 7 and 8. If the input signal was 
positive, switches 7 and 8 are closed and a voltage which is 
VReEF More negative than during Auto-Zero is impressed on 
the buffer input. Negative inputs will cause +Vpr_e to be 
applied to the buffer input via switches 6 and 9. Thus, the 
reference capacitor generates the equivalent of a (+) refer- 
ence or a (—) reference from the single reference voltage 
with negligible error. The reference voltage returns the out- 
put of the integrator to the zero-crossing point established 
in Phase |. The time, or number of counts, required to do 
this is proportional to the input voltage. Since the Deinte- 
grate phase can be twice as long as the Input integrate 


phase, the input voltage required to give a full scale 

reading = 2Vp_er. 

NOTE: Once a zero crossing is detected, the system automatically reverts 
to Auto-Zero phase for the leftover Deintegrate time (unless Run/ 
Hold is manipulated, see Run/Hold Input in detailed description, 
digital section). 


Buffer Gain 


At the end of the auto-zero interval, the instantaneous 
noise voltage on the auto-zero capacitor is stored, and sub- 
tracts from the input voltage while adding to the reference 
voltage during the next cycle. The result is that this noise 
voltage effectively is somewhat greater than the input noise 
voltage of the buffer itself during integration. By introducing 
some voltage gain into the buffer, the effect of the auto-zero 
noise (referred to the input) can be reduced to the level of 
the inherent buffer noise. This generally occurs with a buffer 
gain of between 3 and 10. Further increase in buffer gain 
merely increases the total offset to be handled by the auto- 
zero loop, and reduces the available buffer and integrator 
swings, without improving the noise performance of the sys- 
tem. The circuit recommended for doing this with the 
ICL8068/1CL7104 is shown in Figure 8. With careful layout, 
the circuit shown can achieve effective input noise voltages 
on the order of 1 to 2 pV, allowing full 16-bit use with full 
scale inputs of as low as 150mV. Note that at this level, 
thermoelectric EMFs between PC boards, IC pins, etc., due 
to local temperature changes can be very troublesome. For 
further discussion, see App. Note A030. 
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Figure 8: Adding Buffer Gain to ICL8068 


Table 5: Typical Component Values (v* * =+15v, V~ =5V, V- = —15V, fotock = 200kHz) 
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NOTE: All typical values have been characterized but are not tested. 
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Figure 9: Conversion Timing 


ICL8052 vs ICL8068 


The ICL8052 offers significantly lower input leakage cur- 
rents than the ICL8068, and may be found preferable in 
systems with high input impedances. However, the ICL8068 
has substantially lower noise voltage, and for systems 
where system noise is a limiting factor, particularly in low 
signal level conditions, will give better performance. 


COMPONENT VALUE SELECTION 


For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 


Integrating Resistor 


The integrating resistor is determined by the full scale in- 
put voltage and the output current of the buffer used to 
charge the integrator capacitor. This current should be 
small compared to the output short circuit current such that 
thermal effects are kept to a minimum and linearity is not 
affected. Values of 5 to 40uA give good results with a nomi- 
nal of 20un,A. The exact value may be chosen by 
full scale voltage* 
| 20pnA 
*Note: If gain is used in the buffer amplifier then — 

(Buffer gain) (full scale voltage) 


20pnA 


Integrating Capacitor 


The product of integrating resistor and capacitor is select- 
ed to give 9 volt swing for full scale inputs. This is a compro- 
mise between possibly saturating the integrator (at +14 


INT = 


RINT = 


NOTE: All typical values have been characterized but are not tested. 


volts) due to tolerance build-up between the resistor, capac- 
itor and clock and the errors a lower voltage swing could 
induce due to offsets referred to the output of the compara- 
tor. In general, the value of Cnt is given by 


(32768 for — 16) 
(8192 for —14) 


Integrator Output Voltage Swing 


A very important characteristic of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over or 
ratiometric errors. A good test for dielectric absorption is to 
use the capacitor with the input tied to the reference. 


This ratiometric condition should read half scale 
(100... 
absorption. Polypropylene capacitors give undetectable er- 
rors at reasonable cost. Polystyrene and polycarbonate ca- 
pacitors may also be used in less critical applications. 


Auto-Zero and Reference Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system, a large capacitor giving less 
noise. The reference capacitor should be large enough 
such that stray capacitance to ground from its nodes is neg- 
ligible. 

Note: When gain is used in the buffer amplifier the refer- 
ence capacitor should be substantially larger than the auto- 
zero capacitor. As a rule of thumb, the reference capacitor 
should be approximately the gain times the value of the 
auto-zero capacitor. The dielectric absorption of the refer- 
ence cap and auto-zero cap are only important at power-on 
or when the circuit is recovering from an overload. Thus, 


x 20nA X clock period 
Cint= 


smaller or cheaper caps can be used here if accurate read-- 


ings are not required for the first few seconds of recovery. 
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000) and any deviation is probably due to dielectric. 
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Reference Voltage 


The analog input required to generate a full scale output 
is Vin=2 Vref. 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu- 
tion of the ICL7104 at 16 bits is one part in 65536, or 
15.26ppm. Thus, if the reference has a temperature coeffi- 
cient of 50ppm/°C (on board reference) a temperature 
change of 14°C will introduce a one-bit absolute error. For 
this reason, it is recommended that an external high quality 
reference be used where the ambient temperature is not 
controlled or where high-accuracy absolute measurements 
are being made. 


DETAILED DESCRIPTION 
Digital Section 


The digital section includes the clock oscillator circuit, a 
16 or 14 bit binary counter with output latches and TTL- 
compatible three-state output drivers, polarity, over-range 
and control logic and UART handshake logic, as shown in 
the Block Diagram Figure 10 (16 bit version shown). 

Throughout this description, logic levels will be referred to 


as “low” or “high”. The actual logic levels are defined un- 
der “ICL7104 Electrical Characteristics”. For minimum pow- 


MBEN 


er consumption, all inputs should swing from GND (low) to 
V+ (high). Inputs driven from TTL gates should have 3- 
5kQ pullup resistors added for maximum noise immunity. 


MODE Input 


The MODE input is used to control the output mode of the 
converter. When the MODE pin is connected to GND or left 
open (this input is provided with a pulldown resistor to en- 
sure a low level when the pin is left open), the converter is 
in its ‘Direct’ output mode, where the output data is directly 
accessible under the control of the chip and byte enable 
inputs. When the MODE input is pulsed high, the converter 
enters the UART handshake mode and outputs the data in 
three bytes for the 7104-16 or two bytes for the 7104-14 
then returns to “direct” mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
“Handshake Mode’”’ for further details). 


STaTuS Output 


During a conversion cycle, the STaTuS output goes high 
at the beginning of Input Integrate (Phase I!), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 9 for de- 
tails of this timing. This signal may be used as a “data valid”’ 
flag (data never changes while STaTuS is low) to drive inter- 
rupts, or for monitoring the status of the converter. 
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Figure 10: Digital Section 


NOTE: All typical values have been characterized but are not tested. 
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Figure 11: Run/Hold Operation 


Run/Hold Input 


When the Run/Hold input is connected to V+ or left open 
(this input has a pullup resistor to ensure a high level when 
the pin is left-open), the circuit will continuously perform 
conversion cycles, updating the output latches at the end of 
every Deintegrate (Phase III) portion of the conversion cycle 
(See Figure 9). (See under “Handshake Mode”’ for excep- 
tion.) In this mode of operation, the conversion cycle will be 
performed in 131,072 for 7104-16 and 32768 for 7104-14 
clock periods, regardless of the resulting value. 


lf Run/Hold goes low at any time during Deintegrate 
(Phase Ill) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate the time spent in 
Deintegrate after the zero-crossing. If Run/Hold stays or 
goes low, the converter will ensure a minimum Auto-Zero 
time, and then wait in Auto-Zero until the Run/Hold input 
goes high. The converter will begin the Integrate (Phase Il) 
portion of the next conversion (and the STaTuS output will 
go high) seven clock periods after the high level is detected 
at Run/Hold. See Figure 11 for details. 


Using the Run/Hold input in this manner allows an easy 
“convert on demand”’ interface to be used. The converter 
may be held at idle in Auto-Zero with Run/Hold tow. When 
Run/Hold goes high the conversion is started, and when 
the STaTuS output goes low the new data is valid (or trans- 
ferred) to the UART — see Handshake Mode). Run/Hold 
may now go low terminating Deintegrate and ensuring a 
minimum Auto-Zero time before stopping to wait for the 
next conversion. Alternately, Run/Hold can be used to mini- 
mize conversion time by ensuring that it goes low during 
Deintegrate, after zero crossing, and goes high after the 
hold point is reached. The required activity on the Run/Hold 
input can be provided by connecting it to the CLOCKS (-14), 


CLOCK2 (-16) Output. In this mode the conversion time is | 


dependent on the input value measured. Also refer to Harris 
Application Bulletin A030 for a discussion of the effects this 
will have on Auto-Zero performance. 


If the Run/Hold input goes low and stays low during Auto- 
Zero (Phase |), the converter will simply stop at the end of 
Auto-Zero and wait for Run/Hoid to go high. As above, Inte- 


NOTE: All typical values have been characterized but are not tested. 
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grate (Phase Il) begins seven clock periods after the high 
level is detected. 


Direct Mode 


When the MODE pin is left at a low iavék the data outputs 
{bits 1 through 8 low order byte, see Table 4 for format of 
middle (-16) and high order bytes] are accessible under 
control of the byte and chip ENable terminals as inputs. 
These ENable inputs are all active low, and are provided 
with pullup resistors to ensure an inactive high level when 
left open. When the chip ENable input is low, taking a byte 
ENable input low will allow the outputs of that byte to be- 
come active (three-stated on). This allows a variety of paral- 
lel data accessing techniques to be used. The timing re- 
quirements for these outputs are shown under AC Charac- 
teristics and Table 1. 


it should be noted that these control inputs are asynchro- 
nous with respect to the converter clock — the data may be 
accessed at any time. Thus it is possible to access the data 
while it is being updated, which could lead to scrambled 
data. Synchronizing the access of data with the conversion 
cycle by monitoring the STaTuS output -will prevent this. 
Data is never updated while STaTuS is low. Also note the 
potential bus conflict described under ‘Initial Clear Circuit- 
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ry. 
randshake Mode 


The handshake output mode is provided as an alternative 
means of interfacing the ICL7104 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte 
ENable inputs. This mode is specifically designed to allow a 
direct interface between the ICL7104 and industry-standard 
UARTs (such as the Harris CMOS UARTs, IM6402/3) with 
no external logic required. When triggered into the hand- 


shake mode, the ICL7104 provides all the control and flag” 


signals necessary to sequence the three (ICL7106-16) or 
two (ICL7104-14) bytes of data into the UART and initiate 
their transmission in serial form. This greatly eases the task 
and reduces the cost of designing remote data acquisition 
stations using serial data transmission to minimize the num- 
ber of lines to the central controlling processor. 
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Entry into the handshake mode will occur if either of two 
conditions are fulfilled; first, if new data is latched (i.e. a 
conversion is completed) while MODE pin (pin 27) is high, in 
which case entry occurs at the end of the latch cycle; or 
secondly, if the MODE pin goes from low to high, when 
entry will occur immediately (if new data is being latched, 
entry is delayed to the end of the latch cycle). While in the 
handshake mode, data latching is inhibited, and the MODE 
pin is ignored. (Note that conversion cycles will continue in 
the normal manner). This allows versatile initiation of hand- 
shake operation without danger of false data generation; if 
the MODE pin is held high, every conversion (other than 
those completed during handshake operations) will start a 


new handshake operation, while if the MODE pin is pulsed.. 


high, handshake operations can be obtained ‘‘on demand.” 

When the converter enters the handshake mode, or when 
the MODE input is high, the chip and byte ENable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle. The Send ENable pin (SEN) 
(pin 29) is used as an indication of the ability of the external 
device to receive data. The condition of the line is sensed 


INTEGRATOR 
OUTPUT 


INTERNAL 


once every clock pulse, and if it is high, the next (or first) 
byte is enabled on the next rising CLOCK 1 (pin 25) clock 
edge, the corresponding byte ENable line goes low, and the 
Chip ENable/LoaD pin (pin 30) (CE/LD) goes low for one 
full clock pulse only, returning high. 


On the next falling CLOCK 1 clock pulse edge, if SEN 
remains high, or after it goes high again, the byte output 
lines will be put in the high impedance state (or three-stated 
off). One half pulse later, the byte ENable pin will be cleared 
high, and (unless finished) the CE/LD and the next byte 
ENable pin will go low. This will continue until all three (2 in 
the case of the 14 bit device) bytes have been sent. The 
bytes are individually put into the low impedance state i.e.: 
three-stated on during most of the time that their byte 
ENable pin is (active) low. When receipt of the last byte has 
been acknowledged by a high SEN, the handshake mode 
will be cleared, re-enabling data latching from conversions, 
and recognizing the condition of the MODE pin again. The 
byte and chip ENable will be three-stated off, if MODE is - 
low, but held high by their (weak) pullups. These timing rela- 
tionships are illustrated in Figure 12, 13, and 14, and Table 
2. 
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Figure 12: Handshake with SEN Held Positive 


NOTE: All typical values have been characterized but are not tested. — 
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Figure 12 shows the sequence of the output cycle with 
SEN held high. The handshake mode (Internal MODE high) 
is entered after the data latch pulse (since MODE remains 
high the CE/LD, LBEN, MBEN and HBEN terminals are ac- 
tive as outputs). The high level at the SEN input is sensed 
on the same high to low internal clock edge. On the next to 
. high internal clock edge, the CE/LD and the HBEN outputs 

assume a low level and the high-order byte (POL and OR, 
and except for -16, Bits 9-14) outputs are enabled. The 
CE/LD output remains low for one full internal clock period 
only, the data outputs remain active for 1-1/% internal clock 
periods, and the high byte ENable remains low for two clock 
periods. Thus the CE/LD output low level or low to high 
edge may be used as a synchronizing signal to ensure valid 
data, and the byte ENable as an output may be used as a 
byte identification flag. With SEN remaining high the con- 
verter completes the output cycle using CE/LD, MBEN and 
LBEN while the remaining byte outputs (see Table 4) are 
activated. The handshake mode is terminated when all 
bytes are sent (3 for -16, 2 for -14). 


Figure 13 shows an output sequence where the SEN in- 
put is used to delay portions of the sequence, or hand- 
shake, to ensure correct data transfer. This timing diagram 
shows the relationships that occur using an industry-stan- 
dard IM6402/3 CMOS UART to interface to serial data 
channels. In this interface, the SEN input to the ICL7104 is 
driven by the TBRE (Transmitter Buffer Register Empty) 
output of the UART, and the CE/LD terminal of the ICL7104 


DATA VALID 


drives the TBRL (Transmitter Buffer Register Load) input to 
the UART. The data outputs are paralleled into the eight 
Transmitter Buffer Register inputs. 

Assuming the UART Transmitter Buffer Register is empty, 
the SEN input will be high when the handshake mode is 
entered after new data is stored. The CE/LD and HBEN 


_terminals will go low after SEN is sensed, and the high order 


byte outputs become active. When CE/LD goes high at the 
end of one clock period, the high order byte data is clocked 
into the UART Transmitter Buffer Register. The UART 
TBRE output will now go low, which halts the output cycle 
with the HBEN output low, and the high order byte outputs 
active. When the UART has transferred the data to the 
Transmitter Register and cleared the Transmitter - Buffer 
Register, the TBRE returns high. On the next ICL7104 inter- 
nal clock high to low edge, the high order byte outputs are 
disabled, and one-half internal clock later, the HBEN output 
returns high. At the same time, the CE/LD and MBEN (-16) 
or LBEN outputs go low, and the corresponding byte out- 
puts become active. Similarly, when the CE/LD returns high 
at the end of one clock period, the enabled data is clocked 
into the UART Transmitter Buffer Register, and TBRE again 
goes low. When TBRE returns to a high it will be sensed on 
the next ICL7104 internal clock high to low edge, disabling 
the data outputs. For the 16 bit device, the sequence is 
repeated for LBEN. One-half internal clock later, the hand- 
shake mode will be cleared, and the chip and byte ENable 
terminals return high and stay active (as long as MODE 
stays high). 
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Figure 13: Handshake — Typical UART Interface Timing 


NOTE: All typical values have been characterized but are not tested. 
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With the MODE input remaining high as in these exam- 
ples. the converter will output the results of every conver- 
sion except those completed during a handshake operation. 
By triggering the converter into handshake mode with a low 
to high edge on the MODE input, handshake output se- 
quences may be performed on demand. Figure 14 shows a 
handshake output sequence triggered by such an edge. In 
addition, the SEN input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
output sequence is controlled by the SEN input, and the 
sequence for the first (high order) byte is similar to the se- 
quence for the other bytes. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still makes conversions, with the 
STaTuS output and Run/Hold input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 


Initial Clear Circuitry 


The internal logic of the 7104 is supplied by an internal 
regulator between V ++ and Digital Ground. The regulator 
includes a low-voltage detector that will clear various regis- 
ters. This is intended to ensure that on initial power-up, the 
control logic comes up in Auto-Zero, with the 2nd, 3rd, and 
4th MSB bits cleared, and the “mode” F/F cleared (i.e. in 
“direct”? mode). This, however, will also clear these regis- 


NOTE: All typical values have been characterized but are not tested. 
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Figure 14: Handshake Triggered By Mode 
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ters if the supply voltage “glitches” to a low enough value. 
Additionally, if the supply voltage comes up too fast, this 
clear pulse may be too narrow for reliable clearing. In gener- 
al, this is not a problem, but if the UART internal “MODE” 
F/F should come up set, the byte and chip ENable lines will 
become active outputs. In many systems this could lead to 
bus conflicts, especially in non-handshake systems. In any 
case, SEN should be high (held high for non-handshake 
systems) to ensure that the MODE F/F will be cleared as 
fast as possible (see Figure 12 for timing). For these and 
other reasons, adequate supply bypass is recommended. 


Oscillator 


The ICL7104-14 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated as an RC or crystal oscil- 
lator. 


Figure 15 shows the oscillator configured for RC opera- 
tion. The internal clock will be of the same frequency and 
phase as the voltage on the CLOCK 3 pin. The resistor and 
capacitor should be connected as shown. The circuit will 
oscillate at a frequency given by f=.45/RC. A 50 - 100k. 
resistor is recommended for useful ranges of frequency. For 
optimum 60Hz line rejection, the capacitor value should be 
chosen such that 32768 (-16), 8192 (-14) clock periods is 
close to an integral multiple of the 60Hz period. 
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fosc = .45/RC 
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Figure 15: RC Oscillator (ICL7104-14 Only) 


Note that CLOCK 3 has the same output drive as the bit outputs. 


As a result of pin count limitations, the 1CL7104-16 has 
only CLOCK 1 and CLOCK 2 available, and cannot be used 
as an RC oscillator. The internal clock will correspond to the 
inverse of the signal on CLOCK 2. Figure 16 shows a crystal 
oscillator circuit, which can be used with both 7104 ver- 
sions. If an external clock is to be used, it should be applied 
to CLOCK 1. The internal clock will correspond to the signal 
applied to this pin. 
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Figure 16: Crystal Oscillator 
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POWER SUPPLY SEQUENCING 


Because of the nature of the CMOS process used to fab- 
ricate the ICL7104, and the multiple power supplies used, 
there are certain conditions of these supplies under which a 
disabling and potentially damaging SCR action can occur. 
All of these conditions involve the V" supply (nom. +5V) 
being more positive than the V a supply. If there is any 
possibility of this occuring during start-up, shut down, under 
transient conditions during operation, or when inserting a 
PC board into a “‘hot’’ socket, etc., a diode should be placed 
between Vt and vtt to prevent it. A germanium or 
Schottky rectifier diode would be best, but in most cases a 
silicon rectifier diode is adequate. 


ANALOG AND DIGITAL GROUNDS 


Extreme care must be taken to avoid ground loops in the 
layout of ICL8068 or ICL8052/7104 circuits, especially in 
16-bit and high sensitivity circuits. It is most important that 
return currents from digital loads are not fed into the analog 
ground line. A recommended connection sequence for the 
ground lines is shown in Figure 17. 


APPLICATIONS INFORMATION 


Some applications bulletins that may be found useful are 
listed here: 


A016 “Selecting A/D Converters’, by Dave Fullagar 

A017 ‘The Integrating A/D Converter’, by Lee Evans 

A018 ‘Do’s and Dont’s of Applying A/D Converters”’, by 
Peter Bradshaw and Skip Osgood 

A030 ‘The ICL7104 —A Binary Output A/D Converter for 
Microprocessors’, by Peter Bradshaw 

ROOS5 “Interfacing Data Converter & Microprocessors’, by 


Peter Bradshaw et al, Electronics, Dec. 9, 1976. 


EXTERNAL ~ 
REFERENCE . 
(1F USED) 


SUPPLY 
RETURN 


Tr 1 ay 


+5V SUPPLY BYPASS CAPACITOR(S) 


Figure 17: Grounding Sequence 


NOTE: All typical values have been characterized but are not tested. 


ICL8052/1ICL7104 and ICL8068/1CL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL8052/ICL7104 and ICL8068/ICL7104 


ICL7104 
with ICL8052/8068 
INTEGRATING A/D CONVERTER EQUATIONS 


Oscillator Integrator Output Voltage 

CRYSTAL or RC (RC on -14 part only) — (tint) (lint) 

fosc Typically 200 kHz MINT Cae 

al lad ale ig vier Typ. = '30V 

; . Output Count 

Oscillator Period VIN 

tosc = 1/fosc Count = 8192 x Vern (7104-14) 
Integration Clock Frequency Vn 

fcLock = fosc Count = 32768 x Vere (7104-16) 

REF 


Integration Period 
tint = 8192 X< tosc (7104-14) 
tint = 32768 X< tosc (7104-16) 


Output Type: 
Binary Amplitude with Polarity and Overrange Bits. 


Power Supply: + 15.0V, +5V 


60/50 Hz Rejection Criterion yitt = +45y 
tint/teoHz OF tint/tsoHz = Integer V~ = -15V 

Optimum Integration Current vt = +5V 
lint = 20 pA Vref = 1.75V 


Full Scale Analog Input Voltage 

Vines Typ. = 200 mV to 2.0V = 2 Veer 
Integrate Resistor 
_ (Buffer Gain) < Vinrs 


If Vref not used, float output pin. 


Auto Zero Capacitor Values 
0.01 pF < Caz < 1.0 pF 


RINT , Reference Capacitor Value 
INT P 
Cc = (Buffer Gain) x C 
Integrate Capacitor REF = ( ) AZ 
Bais (tint) (lint) 


Vint) 


AUTOZERO INTEGRATE DEINTEGRATE 
(COUNT) (FIXED COUNT) (COUNT) 


ICL7104-14 }| 24,576 = 8,193 8192 0 = 16383 
ICL7104-16 | 98,304 = 32,769 32768 0 = 65535 


Conversion Time (in Continuous Mode) : 
32,768 * t,., (7104-14) 


131,072 * t,.. (7104=16) 


osc 
0346-22 


Figure 18 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL. DESCRIPTION 


The ICL7109 is a high performance, CMOS, low power 
integrating A/D converter designed to easily interface with 
microprocessors. 


The output data (12 bits, polarity and overrange) may be 
directly accessed under control of two byte enable inputs 
and a chip select input for a simple parallel bus interface. A 
UART handshake mode is provided to allow the ICL7109 to 
work with industry-standard UARTs in providing serial data 
transmission, ideal for remote data logging applications. 
The RUN/HOLD input and STATUS output allow monitoring 
and control of conversion timing. 


The ICL7109 provides the user with the high accuracy, 
low noise, low drift, versatility and economy of the dual- 
slope integrating A/D converter. Features like true differen- 
tial input and reference, drift of less than 14.V/°C, maximum 
input bias current of 10pA, and typical power consumption 
of 20mW make the ICL7109 an attractive per-channel alter- 
native to analog multiplexing for many data acquisition ap- 
plications. 


ORDERING INFORMATION 


ICL7109 
12-Bit ~.P-Compatible 
A/D Converter 


FEATURES 


® 12 Bit Binary (Plus Polarity and Overrange) Dual 
Slope Integrating Analog-to-Digital Converter 


© Byte-Organized TTL-Compatible Three-State Outputs 
and UART Handshake Mode for Simple Parallel or 
Serial Interfacing to Microprocessor Systems 


® RUN/HOLD Input and STATUS Output Can Be Used 
to Monitor and Control Conversion Timing 


© True Differential Input and Differential Reference 
® Low Noise — Typically 15.V p-p 

© 1pA Typical Input Current 

© Operates At Up to 30 Conversions Per Second 


© On-Chip Oscillator Operates With Inexpensive 
3.58MHz TV Crystal Giving 7.5 Conversions Per 
Second for 60Hz Rejection May Also Be Used With 
An RC Network Oscillator for Other Clock 
Frequencies 


Part Number Temp. Range 


ICL7109MDL 
ICL7109IDL 
ICL71091JL 
ICL7109CPL 


GNO 


HIGH 
OROER 
BYTE 
OUTPUTS 


OUTPUTS 


| 
a 
[ 


+5Vo 
BYTE 1-{}18 LBEN 
CONTROL (i 19 HBEN 
INPUTS 


(See Figure 2 for typical connection to a UART or Microcomputer) 


—55°C to + 126°C 
— 25°C to + 85°C 
— 25°C to + 85°C 

0°C to 70°C 


40-Pin Ceramic DIP 
40-Pin Ceramic DIP 
40-Pin CERDIP 
40-Pin Plastic DIP 


OIFFERENTIAL 
REFERENCE 


oO INPUT HIGH 
oO INPUT LOW 
°oGNO 


- BUF 300 
REF OUT 2910 


© REF IN — 
o-SV 
1ki) > o———© REF IN + 


oyt 
GNO 24ki) 


OSC OUT 231 
OSC IN 220 
_MODE 21} 


pms 3.5795 MHz 
=i TV CRYSTAL 


“Rint = 20k1) FOR 0.2V REF 
~ 200k1) FOR 2.0V REF 


Figure 1: Pin Configuration and Test Circuit 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


ICL7109 


Positive Supply Voltage (GND toV+) ............. +6.2V Power Dissipation (Note 3) 
Negative Supply Voltage (GND toV~-) ............. —9V Ceramic Package ..............0.eeeeee 1W @+85°C 
Analog Input Voltage (Lo or:Hi) {Note 1) ........ Vt toV— Plastic Package ...6.66e.sa see vewe es 500mW @+ 70°C 
Reference Input Voltage’(Lo or Hi) (Note 1) ..... Vt toV—- Operating Temperature 
Digital Input Voltage Vt +0.3V Ceramic Package (MDL) ........... — 55°C to + 125°C 
(Pins 2-27) (Note 2) ......... cece eee eee ee GND —0.3V Ceramic Package (IDL) .............. — 25°C to + 85°C 
Plastic Package (CPL) .................. 0°C to + 70°C 
Storage Temperature ................ —65°C to + 150°C 


Lead Temperature (Soldering, 10sec) ........... +300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (v+=+5v, V-=-—5vV, GND=OV, Ta=25°C, foLk = 3.58 MHz, unless. 
otherwise indicated.) Test circuit as shown on first page of this data sheet. 
ANALOG SECTION 


[symbol] Parameter | TestConditions | Min | Typ | Max | Unit | 


= Zero Input Reading vb ee mV —Q0000 ; +0000] +0000 
REF = : 


| [Ratiometricérror® | Viv= Vacr = 2048mv | 8 ||| Counts 


Non-Linearity (Max deviation 
from best straight line fit) 


Full Scale= 409.6mV to 2.048V 
Over full operating temperature 
range. (Note 4), (Note 6) 


Full Scale = 409.6mV to 2.048V 
(Note 5), (Note 6) - 


Roll-over Error (difference 
in reading for equal pos. and 
neg. inputs near full scale) 


te _.| Vom £1V, Vin=0V 
CMRR_ | Common Mode Rejection Ratio Full Scale = 409.6mV 


VCMR_ {| Input Common Mode Range Input Hi, Input Lo, Common (Note 4) v-+45]  [vt—10f vi | 


Noise (p-p value not Vin=0V 
Full Scale = 409.6mV 5 pv 


exceeded 95% of time) 
Vin=0 All devices at 25°C 
ICL7109CPL 0°C<T,a< + 70°C (Note 4) 


liLK Leakage current at Input 


ICL7109IDL —25°C<T,a< + 85°C (Note 4) 
ICL7109MDL —55°C<Tas< + 125°C 


Zero Reading Drift Vin= OV Ry =02 (Note 4) 


Scale Factor Temperature 
Coefficient 


Vin =408.9mV = > 77708 
reading 
Ext. Ref. 0 ppm/°C (Note 4) 


Vin=0, Crystal Osc 


i+ Supply Current Vt to 
GND 3.58MHz test circuit 


IsuPP Supply Current V+ to V—- Pins 2-21, 25, 26, 27, 29; open 
Referred to V+, 25k9, 
pencurvenage between Vt and REF OUT 


Ref Out Temp. Coefficient 25k. between Vt and REF OUT 


VREF 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (v+=+5v,v-=—5V, GND=OV, Ta=25°C, unless otherwise 
indicated.) Test circuit as shown on first page of this data sheet. (Continued) 
DIGITAL SECTION 


fea tein aie 9 oe et 


louT= 100nA 
Output High Voltage Pins 2-16, 18, 19, 20 


Output Low Voltage louT= 1.6mA 
Output Leakage Current Pins 3-16 high impedance 


Control |/O Pullup Pins 18, 19, 20 VoyT=Vt —-3V 
Current MODE input at GND 


Control !|/O Loading HBEN Pin 19 LBEN Pin 18 (Note 4) 


Pins 18-21, 26, 27 
Input High Voltage referred to GND 
Pins 18-21, 26, 27 
Input Low Voltage referred to GND 
‘Input Pull-up Current Pins 26, 27 Vout=Vt —3V 


aie Input Pull-up Current Pins 17, 24 Voyt=Vt —3V 
fi; 4 Input Pull-down Current Pin 21.VoyT=GND +3V 


VouT=2.5V 
VouT=2.5V 


Your=25¥ 
Output Current 3 Vout = 2.5V 
MODE Input Pulse Width (Note 4) 


NOTES: 1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA 
2. Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to voltages greater than V+ 
. or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs from sources other than the same power 

supply be applied to the ICL7109 before its power-supply is established, and that in multiple supply systems the supply to the ICL7109 be activated first. 

. This limit refers to that of the package. and will not be obtained during normal operation. 

. This parameter is not production tested, but is guaranteed by design. 

. Roll-over error for Ta= —55°C to + 125°C is +3 counts maximum. 

. A full-scale voltage of 2.048V is used. because a full scale voltage of 4.096V exceeds the devices Common Mode Voltage Range. 

. For Cerdip package the Ratiometric error can be —4 (Min.). 


Buffered Oscillator 


ll |. 
I 


NO bh ® 


NOTE: All typical values have been characterized but are not tested. 
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TABLE 1: Pin Assignment and Function Description 


[Pin | symbol | Description 


Digital Ground, OV. Ground return for all digital 
logic. 


2 | STATUS Output High during integrate and deintegrate 
until data is latched. 

Output Low when analog section is in Auto- 
Zero configuration. 


Polarity — HI for Positive input. 


Overrange — HI if Overranged. 


Bit 12 (Most Significant Bit) 


Oo 
= 


12 
11 
10 


i 


Bit 11 
Bits | 
HI = true 
Bits | 


i 


Bit 4 
(Least Significant Bit) 


Input High — Normal Operation. 

Input Low — Forces all bit outputs high. 

Note: This input is used for test purposes only. 
Tie high if not used. 


Low Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low, taking this pin low 
activates low order byte outputs B1 — B8. 


-—- | oO ]oO;]p FO NN | @ 


—_— as —h —> _k 


4 
m 
7) 
4 


— With Mode (Pin 21) high, this pin serves as a 
low byte flag output used in handshake mode. 
See Figures 8, 9, 10. 


High Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low, taking this pin low 
activates high order byte outputs B9 — B12, 

POL, OR. 


— With Mode (Pin 21) high, this pin serves as a 
high byte flag output used in handshake mode. 
See Figures 8, 9, 10. 


Chip Enable Load — With Mode (Pin 21) low. 
CE/LOAD serves as a master output enable. 
When high, B1 — B12, POL, OR outputs are 
disabled. 


CE/LOAD 


— With Mode (Pin 21) high, this pin serves as a 
load strobe used in handshake mode. See 
Figures 8, 9, 10. 


—_ ~_ 
i<e) [ee] 
x 
ise] 
m 
z 


NOTE: All typical values have been characterized but are not tested. 


[Pin] Symbot_| Description 

21 Input Low — Direct output mode where 
CE/LOAD (Pin 20), HBEN (Pin 19) and LBEN 
(Pin 18) act as inputs directly controlling byte 
data output as in Figures 8 and 9 at 
conversion completion. 

OSC IN Oscillator Input | 

OSC OUT Oscillator Output 


outputs. 
24 | OSC SEL Oscillator Select — Input high configures 


Input Pulsed High —- Causes immediate entry |- 
into handshake mode and output of data as in 
Figure 10. 

Input High — Enables CE/LOAD (Pin 20), 
HBEN (Pin 19), and LBEN (Pin 18) as 

outputs, handshake mode will be entered and 
OSC IN, OSC OUT, BUF OSC OUT as RC 
oscillator — clock will be same phase and 
duty cycle as BUF OSC OUT. 
— Input low configures OSC IN, OSC OUT for 
crystal oscillator — clock frequency will be 
1/58 of frequency at BUF OSC OUT. 


26 | RUN/HOLD 


SEND 


Input High — Conversions continuously 
performed every 8192 clock pulses. 

Input Low — Conversion in progress 
completed, converter will stop in Auto-Zero 7 
counts before integrate. 


Input — Used in handshake mode to indicate 
ability of an external device to accept data. 
Connect to + 5V if not used. 


27 
28 | V Analog Negative Supply — Nominally —5V 


with respect to GND (Pin 1). 


29 | REF OUT Reference Voltage Output — Nominally 2.8V 


down from V* (Pin 40). 


30 | BUFFER Buffer Amplifier Output 
AUTO-ZERO | Auto-Zero Node — Inside foil of Caz 
2 | INTEGRATOR | Integrator Output — Outside foil of Cyy7 


33 | COMMON Analog Common — System is Auto-Zeroed to 
COMMON 


4 
40 Positive Supply Voltage —- Nominally + 5V 
with respect to GND (Pin 1). 


Note: All digital levels are positive true. 


w 
pare 


i.) 


i¢e) 


Gq | wd 
[oe] 


GQ | @ | 


25 | BUF OSC OUT | Buffered Oscillator Output EZ 


e FOR LOWEST POWER CONSUMPTION, 
TBR1-TERE INPUTS SHOULD HAVE 100k:) 


iM6403 
CMOS UART PULLUP RESISTORS TO +5V 


ICL7109 


v* 40 
1GNO ‘REF IN— 39 0 ~~ —-GNO 
25.BUF OSC OUT REF CAP- 38 EXTERNAL 
2 STATUS REF CAP + 37 - REFERENCE 
+ 


Rint 20kN 0.2V REF 
200kN 2V REF 


-$V 
+SV OR OPEN 
GNO 


3.58 MHz 
CRYSTAL 


1CL7109 
CMOS A/O CONVERTER 


0336-2 


Figure 2A: Typical Connection Diagram UART Interface -— To transmit latest result, send any word to UART 


cape p Ee 


DETAILED DESCRIPTION 


Analog Section 


Figure 3 shows the equivalent circuit of the Analog Sec- 
tion of the ICL7109. When the RUN/HOLD input is left open 
or connected to Vt, the circuit will perform conversions at a 
rate determined by the clock frequency (8192 clock periods 
per cycle). Each: measurement cycle is divided into three 
phases as shown in Figure 4. They are (1) Auto-Zero (AZ), 
(2) Signal Integrate (INT) and (3) Deintegrate (DE). 


NOTE: All typical values have been characterized but are not tested. 


2=-~GND 


REF CAP - 38 EXTERNAL 
REF CAP + 37 | — “F REFERENCE 


+ 
>” INPUT 
GNO 
INTs 15yF 


Rint 20k!) 0.2V REF. 
200k/) 2V REF. 


3.58 MHz 
CRYSTAL 


Figure 2B: Typical Connection Diagram Parallel Interface With 8048 Microcomputer 


Auto-Zero Phase 


During auto-zero three things happen. First, input high 
and low are disconnected from their pins and internally 
shorted to analog COMMON. Second, the reference capaci- 
tor is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the buff- 
er amplifier, integrator, and comparator. Since the compara- 
tor is included in the loop, the AZ accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the input is less than 10pV. - 


ICL7109 


ICL7109 


1" AREF CAP 


DEINT(-) 


AZ 
CS DEINT (=) 


INPUT LOG (‘< 
\*4 


BUFFER y 


ICL7109 


Cin 
__ P INTEGRATOR 


TO ZERO CROSS 
DETECTOR 
+ DIGITAL SECTION 
OMPARATOR 


AZ =— 
iNT <—— FROM CONTROL 


ic 
DEINT (+) <-— 
DEINT (-) <— DIGITAL SECTION 


REF OuT 


Figure 3: Analog Section 


POLARITY 
DETECTED 


INTEGRATOK | 
OUTPUT = 


OCCURS 
ae VA 


-—az PHASE \—ele—INT PHASE It 


INTERNAL LATCH | 
3 


2048 


MIN. | 


FIXED 


eds ae — 2048 


COUNTS 


ZERO CROSSING 


ZERO CROSSING | 
DETECTED 


DEINT PHASE Ill re 


| 
| 
| 
| 


| 


| 
4096 COUNTS__ 
MAX | 


ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURATION 


——>}-—____| _____ 
| / a ZERO CROSSING, 


NUMBER OF COUNTS TO ZERO CROSSING 
PROPORTIONAL TO Vin 


Figure 4: Conversion Timing (RUN/HOLD Pin High) 


Signal Integrate Phase 


During signal integrate the auto-zero loop is opened, the 
internal short is removed and the internal high and low in- 
puts are connected to the external pins. The converter then 
integrates the differential voltage between IN Hi and IN LO 
for a fixed time of 2048 clock periods. Note that this differ- 
ential voltage must be within the common mode range of 
the inputs. At the end of this phase, the polarity of the inte- 
grated signal is determined. 


NOTE: All typical values have been characterized but are not tested. 
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De-Initegrate Phase 


The final phase is de-integrate, or reference integrate. In- 
put low is internally connected to analog COMMON and in- 
put high is connected across the previously charged (during 
auto-zero) reference capacitor. Circuitry within the chip en- 
sures that the capacitor will be connected with the correct 
polarity to cause the integrator output to return to zero 
crossing (established in Auto Zero) with a fixed slope. Thus 
the time for the output to return to zero (represented by the 
number of clock periods counted) is proportional to the in- 
put signal. 


Differential Input 


The input can accept differential voltages anywhere with- 
in the common mode range of the input amplifier; or specifi- 
cally from 1.0 volts below the positive supply to 1.5 volts 
above the negative supply. In this range the system has a 
CMRR of 86dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer- 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common 
mode voltage with a near full-scale negative differential in- 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale with some loss of accuracy. The 
integrator output can swing within 0.3 volts of either supply 
without loss of linearity. 


The ICL7109 has, however, been optimized for operation 
with analog common near digital ground. With power sup- 
plies of +5V and —5V, this allows a 4V full scale integrator 
swing positive or negative thus maximizing the performance 
of the analog section. 


Differential Reference 


The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capaci- 
ty on its nodes. If there is a large common mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to deintegrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (+) or 
(—) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari- 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition (see Component 
Values Selection below). 


The roll-over error from these sources is minimized by 
having the reference common mode voltage near or at ana- 
log COMMON. . 


Component Value Selection 


For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 


The most important consideration is that the integrator 
output swing (for full-scale input) be as large as possible. 
For example, with +5V supplies and COMMON connected 
to GND, the nominal integrator output swing at full scale is 
+ 4V. Since the integrator output can go to 0.3V from either 
supply without significantly affecting linearity, a 4V integra- 
tor output swing allows 0.7V for variations in output swing 
due to component value and oscillator tolerances. With 
+5V supplies and a common mode range of + 1V required, 
the component values should be selected to provide +3V 
integrator output swing. Noise and rollover errors will be 
slightly worse than in the +4V case. For larger common 
mode voltage ranges, the integrator output swing must be 


NOTE: All typical values have been characterized but are not tested. 
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reduced further. This will increase both noise and rollover 
errors. To improve the performance, supplies of +6V may 
be used. 


Integrating Resistor 


Both the buffer amplifier and the integrator have a class A 
output stage with 100A of quiescent current. They supply 
20,A of drive current with negligible non-linearity. The inte- 
grating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 4.096 volt full scale, 200kN is near opti- 
mum and similarly a 20k© for a 409.6mV scale. For other 
values of full scale voltage, Riyt should be chosen by the 
relation 


_ full scale voltage 
INT — 20nA A 
Integrating Capacitor 


The integrating capacitor C;)jy7 should be selected to give 
the maximum integrator output voltage swing without satu- 
rating the integrator (approximately 0.3 volt from either sup- 
ply). For the ICL7109 with +5 volt supplies and analog 
common connected to GND, a +3.5 to +4 volt integrator 
output swing is nominal. For 7-% conversions per second 
(61.72kHz clock frequency) as provided by the crystal oscil- 
lator, nominal values for Cijyt and Caz are 0.15uF and 
0.33 uF, respectively. If different clock frequencies are used, 
these values should be changed to maintain the integrator 
output voltage swing. In general, the value of Cy is given 
by 

__ (2048 x clock period)(20yA) 
" integrator output voltage swing 


An additional requirement of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over er- 
rors. While other types of capacitors are adequate for this 
application, polypropylene capacitors give undetectable er- 
rors at reasonable cost up to 85°C. For the military tempera- 
ture range, Teflon® capacitors are recommended. While 
their dielectric absorption characteristics vary somewhat 
from unit to unit, selected devices should give less than 0.5 
count of error due to dielectric absorption. 


Auto-Zero Capacitor 


The size of the auto-zero capacitor has some influence 
on the noise of the system: a smaller physical size and a 
larger capacitance value lower the overall system noise. 
However, Caz cannot be increased without limits since it, in 
parallel with the integrating capacitor forms an R-C time 
constant that determines the speed of recovery from over- 
loads and more important the error that exists at the end of 
an auto-zero cycle. For 409.6mvV full scale where noise is 
very important and the integrating resistor small, a value of 
Caz twice Cyt is optimum. Similarly for 4.096V full scale 
where recovery is more important than noise, a value of 
Caz equal to half of Cjy7 is recommended. 


For optimal rejection of stray pickup, the outer foil of Caz 
should be connected to the R-C summing junction and the 
inner foil to pin 31. Similarly the outer foil of Cjyj7 should be 
connected to pin 32 and the inner foil to the R-C summing 
junction. Teflon®, or equivalent, capacitors are recommend- 
ed above 85°C for their low leakage characteristics. 
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Reference Capacitor 


A 1pF capacitor gives good results in most applications. 
However, where a large reference common mode voltage 
exists (i.e. the reference low is not at analog common) and 
a 409.6mV scale is used, a larger value is required to pre- 
vent roll-over error. Generally 10uF will hold the roll-over 
error to 0.5 count in this instance. Again, Teflon®, or equiva- 
lent capacitors should be used for temperatures above 85°C 
for their low leakage characteristics. 


Reference Voltage 


The analog input required to generate a full scale output 
of 4096 counts is Vi = 2VR_er. Thus for a normalized scale, 
a reference of 2.048V should be used for a 4.096V full 
scale, and 204.8mV should be used for a 0.4096V full scale. 
However, in many applications where the A/D is sensing 
the output of a transducer, there will exist a scale factor 
other than unity between the absolute output voltage to be 
measured and a desired digital output. For instance, in a 
weighing system, the designer might like to have a full scale 
reading when the voltage from the transducer is 0.682V. 
Instead of dividing the input down to 409.6mV, the input 
voltage should be measured directly and a reference volt- 
age of 0.341V should be used. Suitable values for integrat- 
ing resistor and capacitor are 33kN and 0.15uF. This avoids 
a divider on the input. Another advantage of this system 
occurs when a zero reading is desired for non-zero input. 
Temperature and weight measurements with an offset or 
tare are examples. The offset may be introduced by con- 
necting the voltage output of the transducer between com- 
mon and analog high, and the offset voltage between com- 
mon and analog low, observing polarities carefully. Howev- 
er, in processor-based systems using the ICL7109, it may 
be more efficient to perform this type of scaling or tare sub- 
traction digitally using software. 


Reference Sources 


The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu- 
tion of the ICL7109 at 12 bits is one part in 4096, or 
244ppm. Thus if the reference has a temperature coefficient 
of 80ppm/°C (onboard reference) a temperature difference 
of 3°C will introduce a one-bit absolute error. 


For this reason, it is recommended that an external high- 
quality reference be used where the ambient temperature is 
not controlled or where high-accuracy absolute measure- 
ments are being made. 


The ICL7109 provides a REFerence OUTput (pin 29) 
which may be used with a resistive divider to generate a 
suitable reference voltage. This output will sink up to about 
20mA without significant variation in output voltage, and is 
provided with a pullup bias device which sources about 
10uA. The output voltage is nominally 2.8V below V+, and 
has a temperature coefficient of +80ppm/°C typ. When us- 
ing the onboard reference, REF OUT (Pin 29) should be 
connected to REF— (pin 39), and REF+ should be con- 
nected to the wiper of a precision potentiometer between 
REF OUT and V+. The circuit for a 204.8mV reference is 
shown in the test circuit. For a 2.048mV reference, the fixed 
resistor should be removed, and a 25k. precision potenti- 
ometer between REF OUT and V* should be used. 


NOTE: All typical values have been characterized but are not tested. 
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Note that if pins 29 and 39 are tied together and pins 39 
and 40 accidentally shorted (e.g., during testing), the refer- 
ence supply will sink enough current to destroy the device. 
This can be avoided by placing a 1k resistor in series with 
pin 39. 


DETAILED DESCRIPTION 
Digital Section 


The digital section includes the clock oscillator and scal- 
ing circuit, a 12-bit binary counter with output latches and 
TTL-compatible three-state output drivers, polarity, over- 
range and control logic, and UART handshake logic, as 
shown in Figure 5. 


Throughout this description, logic levels will be referred to 
as “low” or “high”. The actual logic levels are defined in the 
Electrical Characteristics Table. For minimum power con- 
sumption, all inputs should swing from GND (low) to Vt 
(high). Inputs driven from TTL gates should have 3-5kO 
pullup resistors added for maximum noise immunity. 


MODE Input 


The MODE input is used to control the output mode of the 
converter. When the MODE pin is low or left open (this input 
is provided with a pulldown resistor to ensure a low level 
when the pin is left open), the converter is in its “Direct’’ 
output mode, where the output data is directly accessible 
under the control of the chip and byte enable inputs. When 
the MODE input is pulsed high, the converter enters the 
UART handshake mode and outputs the data in two bytes, 
then returns to “direct” mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
“Handshake Mode” for further details). 


STATUS Output 


During a conversion cycle, the STATUS output goes high 
at the beginning of Signal Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 4 for de- 
tails of this timing. This signal may be used as.a “‘data valid”’ 
flag (data never changes while STATUS is low) to drive in- 
terrupts, or for monitoring the status of the converter. 


RUN/HOLD Input 


When the RUN/HOLD input is high, or left open, the cir- 
cuit will continuously perform conversion cycles, updating 
the output latches after zero crossing during the Deinte- 
grate (Phase III) portion of the conversion cycle (See Figure 
4). In this mode of operation, the conversion cycle will be 
performed in 8192 clock periods, regardless of the resulting 
value. 


If RUN/HOLD goes low at any time during Deintegrate 
(Phase Ill) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate the time spent in 
Deintegrate after the zero-crossing. If RUN/HOLD stays or 
goes low, the converter will ensure minimum Auto-Zero 
time, and then wait in Auto-Zero until the RUN/HOLD input 
goes high. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the STATUS output will 
go high) seven clock periods after the high level is detected 
at RUN/HOLD. See Figure 6 for details. 
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Figure 6: Run/Hold Operation 


ICL7109 


Using the RUN/HOLD input in this manner allows an 
easy “‘convert on demand” interface to be used. The con- 
verter may be held at idle in auto-zero with RUN/HOLD low. 
When RUN/HOLD goes high the conversion is started, and 
when the STATUS output goes low the new data is valid (or 
transferred to the UART — see Handshake Mode). RUN/ 
HOLD may now be taken low which terminates deintegrate 
and ensures a minimum Auto-Zero time before the next 
conversion. 


Alternately, RUN/HOLD can be used to minimize conver- 
sion time by ensuring that it goes low during Deintegrate, 
after zero crossing, and goes high after the hold point is 
reached. The required activity on the RUN/HOLD input can 
be provided by connecting it to the Buffered Oscillator Out- 
put. In this mode the conversion time is dependent on the 
input value measured. Also refer to Harris Application Bulle- 
tin A032 for a discussion of the effects this will have on 
Auto-Zero performance. 


NOTE: All typical values have been characterized but are not tested. 
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If the RUN/HOLD input goes low and stays low during 
Auto-Zero (Phase |), the converter will simply stop at the 
end of Auto-Zero and wait for RUN/HOLD to go high. As 
above, Integrate (Phase II) begins seven clock periods after 
the high level is detected. 


Direct Mode 


When the MODE pin is left at a low level, the data outputs 
(bits 1 through 8 low order byte, bits 9 through 12, polarity 
and over-range high order byte) are accessible under con- 
trol of the byte and chip enable terminals as inputs. These 
three inputs are all active low, and are provided with pullup 
resistors to ensure an inactive high level when left open. 
When the chip enable input is low, taking a byte enable 
input low will allow the outputs of that byte to become active 
(three-stated on). This allows a variety of parallel data ac- 
cessing techniques to be used, as shown in the section enti- 
tled “Interfacing.” The timing requirements for these out- 
puts are shown in Figure 7 and Table 2. 
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Table 2 — Direct Mode Timing 
Requirements 
(See Note 4 of Electrical Characteristics) 


[SYMBOL | DESCRIPTION | MIN | TYP | MAX | UNIT 
| teca _| Byte Enable Width | 360 | 220| | ns | 


Data Access Time 
from Byte Enable [0 | 9s 
t | Data Hold Time 
. ee from Byte Enable 
DHC 


Chip Enable Width 
Data Access Time 
from Chip Enable = stall Deine 
t Data Hold Time 
from Chip Enable- 


(BEN 
AS INPUT 


HIGH BYTE 
DAT 


LOW BYTE | 


foaTa/\. Lo. 
VALID 


—mnemaem = HIGH IMPEDANCE 


Figure 7: Direct Mode Output Timing 


It should be noted that these control inputs are asynchro- 


nous with respect to the converter clock — the data may be . 


accessed at any time. Thus it is possible to access the 
latches while they are being updated, which could lead to. 


erroneous data. Synchronizing the access of the latches - 


no 
Oo 
io) 


with the conversion cycle by monitoring the STATUS output - 


will prevent this. Data is never updated while STATUS is 
low. 


- Handshake Mode 


The handshake output mode is provided as an alternative 
means of interfacing the ICL7109 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte en- 
able inputs. This mode is specifically designed to allow a 
direct interface between the ICL7109 and industry-standard 
UARTs (such as the Harris IM6402/3) with no external logic 
required. When triggered into the handshake mode, the 


NOTE: All typical values have been characterized but are not tested. 
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ICL7109 provides all the control and flag signals necessary 
to sequentially transfer two bytes of data into the UART and 
initiate their transmission in serial form. This greatly eases 
the task and reduces the cost of designing remote data ac- 
quisition stations using serial data transmission. 


Entry into the handshake mode is controlled by the 
MODE pin. When the MODE terminal is held high, the 
ICL7109 will enter the handshake mode after new data has 
been stored in the output latches at the end of a conversion 
(See Figures 8 and 9). The MODE terminal may also be 
used to trigger entry into the handshake mode on demand. 
At any time during the conversion cycle, the low to high 
transition of a short pulse at the MODE input will cause 
immediate entry into the handshake mode. If this pulse oc- 
curs while new data is being stored, the entry into hand- 
shake mode is delayed until the data is stable. While the 
converter is in the handshake mode, the MODE input is 
ignored, and although conversions will still be performed, 
data updating will be inhibited (See Figure 10) until the con- 
verter completes the output cycle and clears the handshake 
mode. 


When the converter enters the handshake mode, or when 
the MODE input is high, the chip and byte enable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle (See Figures 8, 9, and 10). 


In handshake mode, the SEND input is used by the con- 
verter as an indication of the ability of the receiving device 
(such as a UART) to accept data. 


Figure 8 shows the sequence of the output cycle with 
SEND held high. The handshake mode (Internal MODE 
high) is entered after the data latch pulse, and since MODE 
remains high the CE/LOAD, LBEN and HBEN terminals are 
active: as outputs. The: high level at the SEND input is 
sensed on the same high to low internal clock edge that 
terminates the data latch pulse. On the next low to high 
internal clock edge the CE/LOAD and ‘the: HBEN outputs 
assume a low level, and the high-order byte (bits-9 through 
12, POL, and OR) outputs are enabled. The CE/LOAD out- 


put remains low for one full internal clock period only, the . 


data outputs remain active for 1-1 internal clock periods, 
and the high byte enable remains low for two clock periods. 
Thus the CE/LOAD output low level or low to high edge 
may be used as a synchronizing signal to ensure valid data, 
and the byte enable as an output may be used as a byte 
identification:flag: With SEND remaining high the converter . 
completes the output: cycle using CE/LOAD and LBEN 
while the low order byte outputs-(bits 1 through 8) are acti- 
vated. The handshake mode is terminated when both bytes 
are sent. 


Figure 9 shows:an output sequence where the SEND in- © 
put is used to delay portions of the sequence, or handshake 
to ensure ‘correct data transfer. This:timing diagram shows 
the relationships that occur using an industry-standard 
IM6402/3 CMOS UART to interface to serial data channels. 
In this interface, the SEND input to the 1CL7109 is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the CE/LOAD terminal of the ICL7109 drives 
the TBRL (Transmitter Buffer Register Load) input to the 
UART. The data outputs are paralleled into the eight Trans- 
mitter Buffer Register inputs. 
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Figure 8: Handshake With Send Held Positive 
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Figure 9: Handshake — Typical UART Interface Timing 


NOTE: All typical values have been characterized but are not tested. 
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Figure 10: Handshake Triggered By Mode 


Assuming the UART Transmitter Buffer Register is empty, 
the SEND input will be high when the handshake mode is 
entered.after new data is stored. The CE/LOAD and HBEN 
terminals will go low after SEND is sensed,:and the high 
order byte outputs become active. When CE/LOAD goes 
high at the end of one clock period, the high order byte data 
is clocked into the UART Transmitter Buffer Register. The 
UART TBRE output will now go low, which halts the output 
cycle with the HBEN output low, and the high order byte 
outputs active. When the UART has transferred the data to 
the Transmitter Register and cleared the Transmitter Buffer 
Register, the TBRE returns high. On the next |CL7109 inter- 
nal clock high to low edge, the high order byte outputs are 
disabled, and one-half internal clock later, the HBEN output 
returns high. At the same time, the CE/LOAD and LBEN 
outputs go low, and the low order byte outputs become ac- 
tive. Similarly, when the CE/LOAD returns high at the end of 
one clock period, the low order data is clocked into the 
UART Transmitter Buffer Register, and TBRE again goes 


_low. When TBRE returns to a high it will be sensed on the 


next ICL7109 internal clock high to low edge, disabling the 


data outputs. One-half internal clock later, the handshake 


mode will be cleared, and the CE/LOAD, HBEN, and LBEN 
terminals return high and stay active (as long as MODE 
stays high). 


NOTE: All typical values have been characterized but are not tested. 


3-35 


With the MODE input remaining high as in these exam- 
ples, the converter will output the results of every conver- 
sion except those completed during a handshake operation. 
By triggering the converter into handshake mode with a low 
to high edge on the MODE input, handshake output se- 
quences may be performed on demand. Figure 10 shows a 
handshake output sequence triggered by such an edge. In 
addition, the SEND input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
Output sequence is-controlled by the SEND input, and the 
sequence for the first (high order) byte is similar to the se- 
quence for the second byte. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still makes conversions, with the 
STATUS output and RUN/HOLD input functioning normally. 
The only difference is that new data will not be latched 


‘when in handshake mode, and is therefore lost. 


Oscillator 


The ICL7109 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated with an RC network or 
crystal. The OSCILLATOR SELECT input changes the inter- 
nal configuration of the oscillator to optimize it for RC or 
crystal operation. 


When the OSCILLATOR SELECT input is high or left 
open (the input is provided with a pullup resistor), the oscil- 
lator is configured for RC operation, and the internal clock 
will be of the same frequency and phase as the signal at the 
BUFFERED OSCILLATOR QUTPUT. The resistor and ca- 
pacitor should be connected as in Figure 11. The circuit will 
oscillate at a:-frequency given by f=0.45/RG. A 100k re- 
sistor.is recommended for useful ranges of frequency. For 
optimum 60Hz line rejection, the capacitor value should be 


chosen such that 2048 clock periods is close to an integral. 


multiple of the-60Hz period (but should not be less:than 
50pF). 


BUFFERED 
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V+ OR OPEN 
Sosc = -45IRC 


Figure 11: RC Oscillator 


When the OSCILLATOR SELECT input is low a feedback 


device and output and input capacitors. are added to the 
oscillator. In this configuration, as shown in Figure 12, the 
oscillator will operate with most crystals in the 1 to 5MHz 
range with no external components. Taking the OSCILLA- 
TOR SELECT input low also inserts a fixed +58 divider 
circuit between the BUFFERED OSCILLATOR OUTPUT 
and the internal clock. Using an inexpensive 3.58MHz TV 
crystal, this division ratio provides an integration time given 
by: 
Tint = (2048 clock periods) X (TcLock) = 33.18 ms 

58 


where T == —_____ 
CLOCK “3.58 MHz 


This time is very close to two 60Hz periods or 33.33ms. The - 


error is less than one percent, which will give better than — 


40dB 60Hz rejection. The converter will operate reliably at 
conversion rates of up to 30 per second, which corresponds 
to a clock frequency of 245.8kHz. | 
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Figure 12: Crystal Oscillator 


NOTE: All typical values have been characterized but are not tested. 
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If at any time the oscillator is to be overdriven, the over- 


driving signal should be applied at the OSCILLATOR |IN- . 


PUT, and the OSCILLATOR OUTPUT should be left*‘open. 
The internal clock will be of the same frequency, duty cycle, 
and phase as the input signal when OSCILLATOR SELECT 
is left open. When OSCILLATOR SELECT is at GND, the 
clock will be a factor of 58 below the input frequency. 


When‘using the ICL7109 with the IM6403 UART, it is pos-. 


sible to use one 3.58MHz crystal for both devices. The 
BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be 
used to drive the OSCILLATOR INPUT of the UART, saving 
the need for a second crystal. However, the BUFFERED 
OSCILLATOR OUTPUT does not have a great deal of drive 
capability, and when driving more than one slave device, 
external buffering should be used. 


Test Input 


When the TEST input is taken to a level halfway between 
V+->and GND, .the counter output latches are enabled, al- 
lowing the counter contents to be examined anytime. 


When the TEST input is connected to GND, the counter 


outputs are all forced into the high state, and the internal 


clock is disabled. When the input returns to the %4 (Vt 
—GND) voltage (or to V+) and one clock is applied, all the 
counter outputs will be clocked to the low state. This allows 
easy testing of the counter and its outputs. 


INTERFACING 
Direct Mode 


Figure 13 shows some of the combinations of chip enable 


and byte enable control. signals which may be used when: 


interfacing the ICL7109 to parallel data lines. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable as in Figure 13A. Figure 13B shows a 
configuration where the fwo byte enables are connected 


together. In this configuration, the CE/LOAD serves as a . 


chip enable, and the HBEN and LBEN may be connected to 
GND or serve as a second chip enable. The 14 data outputs 
will all be enabled simultaneously. Figure 13C shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. . . 


Figure 14 shows an approach to interfacing several 


‘1CL7109s to a bus, ganging the HBEN and LBEN signals to 


several converters together, and using the CE/LOAD inputs 
(perhaps decoded from an address) to select the desired 
converter. . 
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Figure 13: Direct Mode Chip and Byte Enable Combinations 
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Figure 14: Tri-stating Several 7109’s to a Smail Bus 


Some practical circuits utilizing the parallel three-state 
output capabilities of the ICL7109 are shown in Figures 15 
through 20. Figure 15 shows a straightforward application to 
the Intel 8048/80/85 microprocessors via an 8255PPI, 
where the ICL7109 data outputs are active at all times. The 
I/O ports of an 8155 may be used in the same way. This 
interface can be used in a read-anytime mode, although a 
read performed while the data latches are being updated 
will lead to scrambled data. This will occur very rarely, in the 
proportion of setup-skew times to conversion time. One way 
to overcome this is to read the STATUS output as well, and 
if itis high, read the data again after a delay of more than 14 


NOTE: All typical values have been characterized but are not tested. 
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converter clock period. If STATUS is now low, the second 
reading is correct, and if it is still high, the first reading is 
correct. Alternatively, this timing problem is completely 
avoided by using a read-after-update sequence, as shown 
in Figure 16. Here the high to low transition of the STATUS 
output drives an interrupt to the microprocessor causing it 
to access the data latches. This application also shows the 
RUN/HOLD input being used to initiate conversions under 
software control. 

A similar interface to Motorola MC6800 or Rockwell 
R650X systems is shown in Figure 17. The high to low tran- 
sition of the STATUS output generates an interrupt via the 
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Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors 
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Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With Interrupt 


Control Register B CB1 line. Note that CB2 controls the 
RUN/HOLD pin through Control Register B, allowing soft- 
ware-controlled initiation of conversions in this system as 
well. 


The three-state output capability of the ICL7109 allows 
direct interfacing to most microprocessor busses. Examples 
of this are shown in Figures 18 and 19. It is necessary to 
carefully consider the system timing in this type of interface, 


NOTE: All typical values have been characterized but are not tested. 
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to be sure that requirements for setup and hold times, and 
minimum pulse widths are met. Note also the drive limita- 
tions on long buses. Generally this type of interface is only 
favored if the memory peripheral address density is low so 
that simple address decoding can be used. Interrupt han- 
dling can also require many additional components, and us- 
ing an interface device will usually simplify the system in this 
case. 
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors 
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Figure 18: Direct Interface — ICL7109 to 8080/8085 


NOTE: All typical values have been characterized but are not tested. 
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Figure 19: Direct ICL7109 — MC680X Bus Interface 


Handshake Mode 


The handshake mode allows ready interface with a wide 
variety of external devices. For instance, external latches 
may be clocked by the rising edge of CE/LOAD, and the 
byte enables may be used as byte identification flags or as 
load enables. 


Figure 20 shows a handshake interface to Intel micro- 
processors again using an 8255PPI. The handshake opera- 
tion with the 8255 is controlled by inverting its Input Buffer 
Full (IBF) flag to drive the SEND input to the ICL7109, and 
using the CE/LOAD to drive the 8255 strobe. The internal 
control register of the PPI should be set in MODE 1 for the 
port used. If the 7109 is in handshake mode and the 8255 
IBF flag is low, the next word will be strobed into the port. 
The strobe will cause IBF to go high (SEND goes low), 
which will keep the enabled byte outputs active. The PPi will 
generate an interrupt which when executed will result in the 
data being read. When the byte is read, the IBF will be reset 
low, which causes the ICL7109 to sequence into the next 
byte. This figure shows the MODE input to the ICL7109 con- 
nected to a control line on the PPI. If this output is left high, 
or tied high separately, the data from every conversion (pro- 
vided the data access takes less time than a conversion) 
will be sequenced in two bytes into the system. 

lf this output is made to go from low to high, the output 
sequence can be obtained on demand, and the interrupt 
may be used to reset the MODE bit. Note that the RUN/ 
HOLD input to the ICL7109 may also be driven by a bit of 
the 8255 so that conversions may be obtained on command 


NOTE: All typical values have been characterized but are not tested. 
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under software control. Note that one port of the 8255 is not 


used, and can service another peripheral device. The same 


arrangement can also be used with the 8155. 


Figure 21 shows a similar arrangement with the MC6800 
or MCS650X microprocessors, except that both MODE and 
RUN/HOLD are tied high to save port outputs. 


The handshake mode is particularly convenient for direct- 
ly interfacing to industry standard UARTs (such as the Har- 
ris IM6402/6403 or Western Digital TR1602) providing a 
minimum component count means of serially transmitting 
converted data. A typical UART connection is shown in Fig- 
ure 2A. In this circuit, any word received by the UART caus- 
es the UART DR (Data Ready) output to go high. This drives 


the MODE input to the ICL7109 high, triggering the ICL7109. 


into handshake mode. The high order byte is output to the 
UART first, and when the UART has transferred the data to 
the Transmitter Register, TBRE (SEND) goes high and the 
second byte is output. When TBRE (SEND) goes high 
again, LBEN will go high, driving the UART DRR (Data 
Ready Reset) which will signal the end of the transfer of 
data from the ICL7109 to the UART. 


Figure 22 shows an extension of the one converter — 
one UART scheme to several ICL7109s with one UART. In 
this circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which con- 
verter will handshake with the UART. With no external com- 
ponents, this scheme will allow up to eight iCL7109s to in- 
terface with one UART. Using a few more components to 
decode the received word will allow up to 256 converters to 
be accessed on one serial line. 


ICL7109 


ICL7109 


ICL7109 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


Ls os cmeems 


RO WR AQ-A1 


89-B12 


cs 


PA7-PAo 


1CL7109 
B1-88 


SEND 


RUN/HOLD 


8255 8008, 8080, 
(MODE 1) 8085, 8048 ETC 


0336~23 


Figure 20: Handshake Interface — ICL7109 to 8048, 80/85 


MODE RUN/HOLD 


iCL7109 


cra 


C6820 


f PAO-PA7 


ANALOG 
IN 


ADORESS DATA CONTROL 
BUS BUS BUS 


Figure 21: Handshake Interface — ICL7109 to MC6800, MCS650X 


NOTE: All typical values have been characterized but are not tested. 
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SERIAL OUTPUT 
{M6403 CMOS UART 


SERIAL INPUT 
TBRL ORR TBRE RBR1I-RBRE TBR1-TBRS 


1CL7109 


ANALOG ANALOG: 


IN 


iICL7109 


MODE CE/ SENO 
COAG 


89-B12 
POL, OR 


1CL7109 i 


B1-B8 


Figure 22: Multiplexing Converters with Mode Input: 


The applications of the ICL7109 are not limited to those 
shown here. The purpose of these examples is to provide a | 
starting point for users to develop useful systems, and to 
show some of the variety of interfaces and uses of the 
ICL7109. Many of the ideas suggested here may be used in 
combination; in particular the uses of the STATUS, RUN/ 
HOLD, and MODE signals may be mixed. 


APPLICATION NOTES 


A016 
A017 
A018 


A030 


A032 


R005 


' “Selecting A/D Converters,” by David Fullagar 


“The Integrating A/D Converters,” by Lee Evans . 
“‘Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 

“The ICL7104 — A Binary Output A/D Converter for 
Microprocessors,” by Peter Bradshaw 
“Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family,” by Peter 
Bradshaw | 


“Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 


NOTE: Alf typical values have been characterized but are not tested. 
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ICL7109 
INTEGRATING A/D CONVERTER 
EQUATIONS 
Oscillator Frequency Display Count 
fosc = 0.45/RC _ Vin 
Cosc > 50 pF; Rosc > 50k Oe er gee 
fosc tYP- el Conversion Cycle 
= tcyc = tcLock < 8192 
fosc = 3.58 MHz Crystal (In Free-Run Mode, Run/HOLD = 1) 
ys cacle Baler when fctockx = 60 kHz, tcyc = 133 ms 
tebe <a ; Common Mode Input Voltage... 
osc = 1/3.58 MHz (Crystal) (V~ + 1.0V) < Vin < (VT — 0.5V) 
Integration Clock Frequency Auto Zero Capacitor 
fcLock = fosc (RC Mode) 0.01 pF < Caz < 1.0 pF 
foLock = fosc/58 (Crystal) ; i C AZ is B 
tcLock = 1/fcLock nee Paes aie 
Integration Period ; I REF Up 
tint = 2048 X tcLock REF i 4 
60/50 Hz Rejection Criterion oe ee and V 
tint/teo Hz OF tint/tso Hz = Integer Regulation lost when V* to V~ < 6.4V 
tial pga Current If Veer is not used, float output pin. 
INT = 4¥.U Power Supply: Dual +5.0V 
Full Scale Analog Input Voltage vt = +5.0 to GND 
Vines Typically = 200 mV or 2.0V V~ = —5.0 to GND 
integrate Resistor Output Type: 
Rint = VINFS Binary Amplitude with Polarity and Overrange Bits 
iNT Tips: Always tie TEST pin HIGH. 
Integrate Capacitor - Don’t leave-any inputs floating. 
ne (tint) (lint) 
INT ye 
INT 
integrator Output Voltage Swing 
(tint) (lint) 
INT Ga 
INT 


Vint Maximum Swing: 
(V~ + 0.5V) < Vint < (Vt — 0.5V) 
Vint Typically = 2.0V 


AUTOZERO INTEGRATE DEINTEGRATE 
(COUNT) (FIXED COUNT) (COUNT 
6143-2048 2048 0-409 


TOTAL CONVERSION TIME = 8192 * toyocx (IN FREE-RUN MODE) 


0336-26 


NOTE: All typical values have been characterized but are not tested. 
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SEMICONDUCTOR 


GENERAL DESCRIPTION 


The Harris ICL7135 precision A/D converter, with its mul- 
tiplexed BCD output and digit drivers, combines dual-slope 
conversion reliability with +1 in 20,000 count accuracy and 
is ideally suited for the visual display DVM/DPM market. 
The 2.0000V full scale capability, auto-zero and auto-polari- 
ty are combined with true ratiometric operation, almost ideal 
differential linearity and true differential input. All necessary 
active devices are contained on a single CMOS I.C., with 
the exception of display drivers, reference, and a clock. 


The intersil 1CL7135 brings together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10pV, zero drift of less 
than 1V/°C, input bias current of 10 pA max., and rollover 
error of less than one count. The versatility of multiplexed 
BCD outputs is increased by the addition of several pins 
which allow it to operate in more sophisticated systems. 
These include STROBE, OVERRANGE, UNDER-RANGE, 
RUN/HOLD and BUSY lines, making it possible to interface 
the circuit to a microprocessor or UART. 


ORDERING INFORMATION 


Part Number Temp. Range 
ICL7135CJI 0°C to + 70°C 28-Pin CERDIP 
ICL7135CPI 0°C to + 70°C 28-Pin Plastic DIP 


Veer INO Z 5VC 


100k 


oof ed ed Led SE 


ANALOG ,, 
GND 


0.47 pF 270, 
1.0 uF 
100k. 


ICL7135 


SIGNAL 
INPUT 


ICL7135 
41,-Digit BCD Output 
A/D Converter 


FEATURES 


® Accuracy Guaranteed to +1 Count Over Entire 
+ 20,000 Counts (2.0000 Volts Full Scale) 


® Guaranteed Zero Reading for 0 Volts Input 

© 1pA Typical Input Current 

® True Differential Input 

® True Polarity at Zero Count for Precise Null 
Detection 

© Single Reference Voltage Required 

© Over-Range and Under-Range Signals Available for 
Auto-Range Capability 

© All Outputs TTL Compatible 

® Blinking Outputs Gives Visual Indication of Over- 
range 

®@ Six Auxiliary Inputs/Outputs Are Available for 
Interfacing to UARTs, Microprocessors or Other 
Circuitry 

® Multiplexed BCD Outputs 


CLOCK IN 
120 kHz 


ANODE 
DRIVER 
TRANSISTORS 


ICL7135 


Figure 1: 1ICL7135 Connection Diagram 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. . 
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ICL7135 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Vt ow. cc cee eee eee +6V Power Dissipation (Note 2) 
MITE poe blige acetal ay Gt adh ate een ah —9V Ceramic Package ..............cc eee ee cee’ 1000mW 
Analog Input Voltage (either input) (Note 1) ..... Vt to V7 Plastic Package: +35 saseee tsb ce sa eagow nea oes 800mW 
Reference Input Voltage (either input) ......... Vt toV- Operating Temperature ................... 0°C to + 70°C 
CIOCK ANDUL oo saat che cpsbete wetwrantaaan-os Gnd to Vt Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


Note 1: Input voltages may exceed the supply voltages provided the input current is limited to + 100A. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


EE UNDERRANGE 
27} OVERRANGE 
26 STROBE 


DIGITAL GND 
} POL - 


ICL7135 [22] CLOCK IN 


BUSY 
(LSD) Dt 


Figure 2: Pin Configuration 
Outline dwgs Jl, Pl) 


ELECTRICAL CHARACTERISTICS (note 1) 
(Vt = + 5V, V- = —5V, Ta = 25°C, Clock Frequency Set for 3 Reading/Sec) 


[ymbot | characteristics | TestGonaitions [win te [war | unt 
TaNaLog WowWee) 


ANALOG (Note 1) (Note 2) 


Zero Input Reading Vin =0.0V — 00000 +00000 + 00000 Counts 
VreF= 1.000V 


|__| Ratiometric Error (2 Vin=Vaer=1.000V i iain laren er 


Linearity over + Full Scale 
(error of reading from 
best straight line) 


—2V<Vins +2V 


— HEA 


Differential Linearity 
(difference between worse 
case step of adjacent counts 
and ideal step) 


Rollover error (Difference in 
reading for equal positive & 
negative voltage near full scale) 


—Vin = +Vin ~ 2V 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Note 1) 
(Vt = + 5V, V- = —5V, Ta = 25°C, Clock Frequency Set for 3 Reading/Sec) (Continued) 


Symbol Characteristics Test Conditions | min | Typ | Max | 


Noise (P-P value not Vin=O0V 
exceeded 95% of time) Full "ie 2.000V 


Leakage Current at Input | Vy=ove | OV 


Zero Reading Drift Vin=0V a ce 
0°<Ta<70°C 
Scale Factor Temperature ViN= +2V 
Coefficient (3) 0<Tas70°C ppm/°C 
(ext. ref. 0 ppm/°C) 


DIGITAL 
INPUTS 


All Outputs 
By, Bo, By, Bg 

D,, Do, Dg, D4, Ds 

BUSY, STROBE, 
OVER-RANGE, UNDER-RANGE 
POLARITY 


+5V Supply Range at: 
—5V Supply Range ————— 


+ 5V Supply Current 


loL=1.6mA 
loH= —1mA 


lon= —10pA 


C.F ea 


NOTES: 1. Tested in 4-1% digit (20,000 count) circuit shown in Figure 3, clock frequency 120kHz. 
2. Tested with a low dielectric absorption integrating capacitor, the 27M INT. OUT resistor shorted, and Riyt = 0. See Component Selection Section. 
3. The temperature range can be extended to + 70°C and beyond as !ong as the auto-zero and reference capacitors are increased to absorb the higher 
leakage of the ICL7135. 
4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See “Max 
Clock Frequency” section for limitations on the clock frequency range in a system. 


NOTE: All typical values have been characterized but are not tested. 
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ICL7135 


SET Vrer = 1.000V 


UNDERRANGE] 28) 
OVERRANGE 


Figure 3: 7135 Test Circuit 


Rint 


Crert+| REF Hi 


c 
8 


Crer BUFFER ¥ 


INTEGRATOR 


> 


ie ears 


« 
[=] 


6 


INPUT 


COMPARATOR 


ee 


ANALOG 


COMMON | 
IiNLO © 


Figure 5: Analog Section of ICL7135 


NOTE: All typical values have been characterized but are not tested. 
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Figure 4: 7135 Digital Logic Input 


ZERO- 
CROSSING 
DETECTOR 


POLARITY 
F/F 


DETAILED DESCRIPTION 


Analog Section 


Figure 5 shows the Block Diagram of the Analog Section 
for the ICL7135. Each measurement cycle is divided into 
four phases. They are (1) auto-zero (A-Z), (2) signal-inte- 
grate (INT), (3) deintegrate (DE) and (4) zero-integrator (ZI). 
AUTO-ZERO PHASE 


During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally short- 
ed to analog COMMON. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz to compensate for offset voltages in the buffer amplifi- 
er, integrator, and comparator. Since the comparator is in- 
cluded in the loop, the A-Z accuracy is limited only by the 
noise of the system. In any case, the offset referred to the 
input is less than 10zV. 


SIGNAL INTEGRATE PHASE 


During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a 
wide common mode range; within one volt of either supply. 
If, on the other hand, the input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the integrat- 
ed signal is latched into the polarity F/F. 


6.8 VOLT 
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DE-INTEGRATE PHASE 


The Third phase is de-integrate, or reference integrate. 
Input LOW is internally connected to analog COMMON and 
input high is connected across the previously charged refer- 
ence capacitor. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time re- 
quired for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is: 


OUTPUT COUNT = 10,000 (sane 
REF 
ZERO INTEGRATOR PHASE 


The final phase is zero integrator. First, input low is short- 
ed to analog COMMON. Second, a feedback loop is closed 
around the system to input high to cause the integrator out- 
put to return to zero. Under normal condition, this phase 
lasts from 100 to 200 clock pulses, but after an overrange 
conversion, it is extended to 6200 clock pulses. 


Differential Input 
The input can accept differential voltages anywhere with- 


in the common mode range of the input amplifier; or specifi- 


cally from 0.5 volts below the positive supply to 1.0 voit 
above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer- 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential in- 
put voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale swing with some loss of accura- 


_cy. The integrator output can swing within 0.3 volts of either 


supply without loss of linearity. 


ICL8069 


1.2V 
REFERENCE 


Figure 6: Using an External Reference 


NOTE: All typical values have been characterized but are not tested. 
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Analog Common 


Analog COMMON is used as the input low return during 
auto-zero and de-integrate. If IN LO is different from analog 


COMMON, a common mode voltage exists in the ‘system: 


and is taken care of by the excellent CMRR of the convert- 


er. However, in most applications IN LO will be set atafixed . - 


known voltage (power supply common for instance). In this 


application, analog COMMON should be tied to the same ~ 


point, thus removing the common mode voltage from the 
converter. The reference voltage is referenced to analog 
COMMON. 


Reference 


The reference input must be generated as a positive volt- 


age with respect to COMMON, as shown in Figure 6. 


DETAILED DESCRIPTION 


Digital Section 


Figure 7 shows the Digital Section of the 7135. The 7135 
includes several pins which allow it to operate conveniently 
in more sophisticated systems. These include: 


Run/HOLD (Pin 25). When high (or open) the A/D will free- 
run with equally spaced measurement cycles every 40,002 
clock pulses. If taken low, the converter will continue the full 
measurement cycle that it is doing and then hold this read- 
ing as long as R/H is held low. A short positive pulse (great- 
er than 300ns) will now initiate a new measurement cycle, 
beginning with between 1 and 10,001 counts of auto zero. If 


the pulse occurs before the full measurement cycle (40,002 


counts) is completed, it will not be recognized and the con- 
verter will simply complete the measurement it is doing. An 
external indication that a full measurement cycle has been 
completed is that the first strobe pulse (see below) will oc- 
cur 101 counts after the end of this cycle. Thus, if Run/ 
HOLD is low and has been low for at least 101 counts, the 
converter is holding and ready to start anew measurement 
when pulsed high. 


STROBE (Pin 26). This is a negate going output pulse that 
aids in transferring the BCD data to external latches, 
UARTs or microprocessors. There are 5 negative going 
STROBE pulses that occur in the center of each of the digit 
drive pulses and occur once and only once for each mea- 
surement cycle starting 101 pulses after the end of the full 
measurement cycle. Digit 5 (MSD) goes high at the end of 
the measurement cycle and stays on for 201 counts. In the 
center of this digit pulse (to avoid race conditions between 
changing BCD and digit drives) the first STROBE pulse 


goes negative for 1% clock pulse width. Similarly, after digit 


5, digit 4 goes high (for 200 clock pulses) and 100 pulses 
later the STROBE goes negative for the second time. This 


continues through digit 1 (LSD) when the fifth and last 


STROBE pulse is sent. The digit drive will continue to scan 
(unless the previous signal was overrange) but no additional 


STROBE pulses will be sent until a new measurement is 


available. 


BUSY (Pin 21). BUSY goes high at the beginning of signal 
integrate and stays high until the first clock pulse after zero- 
crossing (or after end of measurement in the case of an 
overrange). The internal latches are enabled (i.e., loaded) 
during the first clock pulse after busy and are latched at the 
end of this clock pulse. The circuit automatically reverts to 


NOTE: All typical values have been characterized but are not tested. 
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auto-zero when not BUSY, so it may also be considered a 


(ZI+ AZ) signal. A very simple means for transmitting the 


data down a single wire pair from a remote location would 
be to AND BUSY with clock and subtract 10,001 counts 
from the number of pulses received - as mentioned previ- 
ously there is one ‘“NO-count” pulse in each reference inte- 
grate cycle: 


MULTIPLEXER 


De 
ILATCH>{LATCH| 


crack candhanadh aaa 


COUNTERS 


RUN/ BUSY . 


HOLD 


OVER UNDER STROBE 
RANGE. RANGE 


DIGITAL CLOCK 
GND IN 


Figure 7: Digital Section of the 7135 


OVER-RANGE (Pin 27). This pin goes positive when tho 
input signal exceeds the range (20,000) of the converter. 
The output F/F is set at the end of BUSY and is reset to 
zero at the beginning of Reference integrate in the next 
measurement cycle. 


UNDER-RANGE (Pin 28). This pin goes positive when the 
reading is 9% of range or less. The output F/F is set at the 
end of BUSY (if the new reading is 1800 or less) and is 
reset at the beginning of signal integrate of the next read- 
ing. 

POLARITY (Pin 23). This pin is positive fora positive input 
signal. It is valid even for a zero reading. In other words, 
+0000 means the signal is. positive but less than the least 
significant bit. The converter can be used as a null detector» 
by forcing equal frequency of (+) and (—) readings. The 
null at this point should be less than 0.1 LSB. This output 
becomes valid at .the beginning of reference integrate and 
remains correct until it is re-validated for the next measure- 
ment. 


Digit Drives (Pins 12, 17, 18, 19 and 20). Each digit drive is 
a positive going signal that lasts for 200 clock pulses. The 
scan sequence is Ds (MSD), D4, D3, De and Dy (LSD). All 
five digits are scanned and this scan is continuous unless 
an over-range occurs. Then all digit drives are blanked from 
the end of the strobe sequence until the beginning of Refer- 
ence Integrate when Ds will start the scan again. This can 
give a blinking display as a visual indication of over-range. 
BCD (Pins 13, 14, 15 and 16). The Binary coded Decimal 
bits Bg, B4, Bo and By, are positive logic signals that go on 
simultaneously with the digit driver signal. 


~ COMPONENT VALUE SELECTION 


For optimum performance of the analog. section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the:particular application. 


integrating Resistor 
The integrating resistor is determined by. the full scale in- 
put voltage and the output current of the buffer used to 
charge the integrator capacitor. Both the buffer. amplifier 
-and the integrator have a class A output stage with 100uA 
of quiescent current. They can supply 20uA of drive current 
with negligible non-linearity. Values of 5 to 40uA give good 
~ results, with a nominal of 20uA, and the exact value of inte- 
grating resistor may be chosen by 


full scale voltage 
20pnA 


Integrating Capacitor 
The product of integrating resistor and capacitor should 
_ be selected to give the maximum voltage swing which en- 
- - sures that the tolerance built-up will not saturate the integra- 
~ tor swing (approx. 0.3 volt from either supply). For +5 volt 
- supplies: and analog COMMON tied to supply ground, a 
+3.5 to +4 volt full scale integrator swing is ‘fine, and 
0.47F.is nominal. In general, the value of Cit is given by 


Gigs eee eek beiodl Init: 
INT ‘integrator output voltage swing 


~~ (10,000) (clock period) (20;4A) 
' integrator output voltage swing _ 

A very important characteristic of the integrating capaci- 
tor is that it has low dielectric absorption to. prevent roll-over 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor-with the input tied to -the reference. 


This ratiometric condition should read half.scale 0.9999, 
and any deviation is probably due to dielectric absorption. 


Rint= 


. Polypropylene capacitors give undetectable errors at rea-. 


sonable cost. Polystyrene and polycarbonate capacitors 
may also be used in less critical applications. 


NOTE: All typical values have been characterized but are not tested. 
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INTEGRATOR. 
OUTPUT 


AUTO- SIGNAL _ REFERENCE 
iooety 10,000/ 1 . pasbicips i 
_ COUNTS COUNT: ’ 
COUNTS MAX. 
-FULL MEASUREMENT CY: 
: 40,002 COUNTS 


a: rs, Leen: 


' OVER-RANGE wiedetearazstoroes 
" WHEN APPLICABLE Sscoens 


UNDER-RANGE 2Oonou 

WHEN APPLICABLE 23005 . 

| EXPANDED SCALE | 
BELOW 


DIGIT SCAN rl n mn Ds 

FOR OVER-RANGE 
I l j l ‘ jf l D. 
—J1___JL__f ps 
eee Lee iF Oe 


D; 
Levoaer 
COUNT: 


AUTO ZERO ; REFERENCE 
SIGNAL INTEGRATE INTEGRATE 


*FIRST Os OF AZ AND 
REF INT ONE COUNT LONGER 


STROBE 


DIGIT SCAN 
> FOR OVER-RANGE 
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Figure 8: Timing Diagram for Outputs 


Auto-Zero and Reference Capacitor 


The physical size of the auto-zero capacitor has an influ- 
ence on the noise of the system. A larger capacitor value 
reduces system noise. A larger physical size increases sys- 
tem noise. The reference capacitor should be large enough 
such that stray capacitance to ground from its nodes is neg- 
ligible. 


ICL7135 


ICL7135 


The dielectric absorption of the reference cap and auto- 
zero cap are only important at power-on or when the circuit 
is recovering from an overload. Thus, smaller or cheaper 
caps can be used here if accurate readings are not required 
for the first few seconds of recovery. 


Reference Voltage 

The analog input required to generate a full-scale output 
is Vin=2 Vrer. 

The stability of the reference voltage.is a major factor in 
the overall absolute accuracy of the converter. For this rea- 
son, it is recommended that a high quality reference be 
used where high-accuracy absolute measurements are be- 
ing made. 


Rollover Resistor and Diode 
A small rollover error occurs in the 7135, but this can be 


easily corrected by adding a diode and resistor in series. 


between the INTegrator OUTput and analog COMMON or 
ground. The value shown in the schematics is optimum for 
the recommended conditions, but if integrator swing or 
clock frequency is modified, adjustment may be needed. 
The diode can be any silicon diode, such as 1N914. These 
components can be eliminated if rollover error is not impor- 
tant, and may be altered in value to correct other (small) 
sources of rollover as needed. 


Max Clock Frequency 


The maximum conversion rate of most dual-slope A/D 
converters is limited by the frequency response of the com- 
parator. The comparator in this circuit follows the integrator 
ramp with a 3pus delay, and at a clock frequency of 160kHz 
(6s period) half of the first reference integrate clock period 
is lost in delay. This means that the meter reading will 
change from 0 to 1 with a 50,V input, 1 to 2 with 150pV, 2 
to 3 at 250uV, etc. This transition at mid-point is considered 
desirable by most users; however, if the clock frequency is 
increased appreciably above 160kHz, the instrument will 
flash “1’’ on noise peaks even when the input is shorted. 


For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not in- 
crease substantially with frequency, clock rates of up to 
~ 1MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be con- 
stant and can be subtracted out digitally. 


The clock frequency may be extended above 160kHz 
without this error, however, by using a low value resistor in 
series with the integrating capacitor. The effect of the resis- 
tor is to introduce a small pedestal voltage on to the integra- 
tor output at the beginning of the reference integrate phase. 
By careful selection of the ratio between this resistor and 
the integrating resistor (a few tens of ohms in the recom- 
mended circuit), the comparator delay can be compensated 
and the maximum clock frequency extended by approxi- 
mately a factor of 3. At higher frequencies, ringing and sec- 
ond order breaks will cause significant nonlinearities in the 
first few counts of the instrument - see Application Note 
A017. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference caps. With most devices, 
measurement cycles as long as 10 seconds give no mea- 
surable leakage error. 


NOTE: All typical values have been characterized but are not tested. 
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To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre- 
quencies of 300kHz, 200kHz, 150kHz, 120kHz, 100kHz, 
40kHz, 3313kHz, etc. should be selected. For 50Hz rejec- 
tion, oscillator frequencies of 250kHz, 1662/4kHz, 125kHz, 
100kHz, etc. would be suitable. Note that 100kHz (2.5 read- 
ings/second) will reject both 50 and 60Hz. 


The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the Applications section. The multiplexed output - 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 


Zero-Crossing Flip-Flop — 

The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half- 
clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
is disabled for one clock pulse at the beginning of phase 3. 
This one-count delay compensates for the delay of the 
zero-crossing flip-flop, and allows the correct number to be 
latched into the display. Similarly, a one-count delay at the 
beginning of phase 1 gives an overload display of 0000 in- 
stead of 0001. No delay occurs during phase 2, so that true 
ratiometric readings result. 


EVALUATING THE ERROR SOURCES 


Errors from the “ideal” cycle are caused by: 

1. Capacitor droop due to leakage. 

2. Capacitor voltage change due.to charge ‘“‘suck-out”’ 
(the reverse of charge injection) when the switches 
turn off. © 

3. | Non-linearity of buffer and integrator. 

4. High-frequency limitations of buffer, integrator and 
comparator. 

5. Integrating capacitor non-linearity (dielectric absorp- - 
tion.) 

6. Charge lost by Creg in charging Cetray. 

7. Charge lost by Caz and Cjyt to charge Cetray, 

Each of these errors is analyzed for its error contribution 


to the converter in application notes listed on the back 
page, specifically A017 and A032. 


NOISE 


The peak-to-peak noise around zero is approximately 
15yV (pk-to-pk value not exceeded 95% of the time). Near 
full scale, this value increases to approximately 30.V. Much 
of the noise originates in the auto-zero loop, and is propor- 
tional to the ratio of the input signal to the reference. 


ANALOG AND DIGITAL GROUNDS 


Extreme care must be taken to avoid ground loops in the 
layout of I1CL7135 circuits, especially in high-sensitivity cir- 
cuits. It is most important that return currents from digital 
loads are not fed into the analog ground line. 


POWER SUPPLIES | 


The 7135 is designed to work from +5V supplies. How- 
ever, in selected applications no negative supply is required. 
The conditions to use a single + 5V supply are: 


1. The input signal can be referenced to the center of the 
common mode range of the converter. 


2. The signal is less than +1.5 volts. 


See “differential input” for a discussion of the effects this 
will have on the integrator swing without loss of linearity. 


TYPICAL APPLICATIONS | 


The circuits which follow show some of the wide variety of 
possibilities, and serve to illustrate the exceptional versatili- 
ty of this A/D converter. | 


Figure 9 shows the complete circuit for a 4-14 digit 
(+2.000V) full scale) A/D with LED readout using the 
ICL8069 as a 1.2V temperature compensated voltage refer- 
ence. It uses the band-gap principal to achieve excellent 
stability and low noise at reverse currents down to 50pA. 
The circuit also shows a typical R-C input filter. Depending 
on the application, the time-constant of this filter can be 
made faster, slower, or the filter deleted completely. The 14 
digit LED is driven from the 7 segment decoder, with a zero 
reading blanked by connecting a D5 signal to RBI input of 
the decoder. The 2-gate clock circuit should use CMOS 
gates to maintain good power supply rejection. 


+5V 


6.8ki) Vaer = io 
1.000V if 


tcisoso Jt UNDERRANGE [28 


8] REF. CAP 2 
IN LO- 


“For finer resolution on scale factor adjust, use a 10 turn pot or a smail pot in series with a 


fixed resistor. 
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A suitable circuit for driving a plasma-type display is 
shown in Figure 10. The high voltage anode driver buffer is 
made by Dionics. The 3 AND gates and caps driving ’BI’ are 
needed for interdigit blanking of multiple-digit display ele- 
ments, and can be omitted if not needed. The 2.5kN. & 3kN 
resistors set the current levels in the display. A similar ar- 
rangement can be used with Nixie® tubes. 


The popular LCD displays can be interfaced to the O/P of 
the ICL7135 with suitable display drivers, such as the 
ICM7211A as shown in Figure 11. A standard CMOS 4030 
QUAD XOR gate is used for displaying the 14 digit, the po- 
larity, and an ‘overrange’ flag. A similar circuit can be used 
with the ICL7212A LED driver and the ICM7235A vacuum 
fluorescent driver with appropriate arrangements made for 
the ‘extra’ outputs. Of course, another full driver circuit 
could be ganged to the one shown if required. This would 
be useful if additional annunciators were needed. The Fig- 
ure shows the complete circuit for a 4-14 digit (+ 2,000V) 
A/D. 

Figure 12 shows a more complicated circuit for driving 
LCD displays. Here the data is latched into the ICM7211 by 
the STROBE signal and ‘Overrange’ is indicated by blanking 
the 4 full digits. 


Cc RC NETWORK 


FT JSosc = .45/RC 
<P 
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Figure 9: 4-1/, Digit A/D Converter with a Multiplexed Common Anode LED Display 


NOTE: All typical values have been characterized but are not tested. 
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Figure 10: 1CL7135 Plasma Display Circuit 
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Figure 11: LCD Display with Digit Blanking 
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NOTE: All typical values have been characterized but are not tested. 


Figure 12: Driving LCD Displays 
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A problem sometimes encountered with both LED & plas- 
ma-type display driving is that of clock source supply line 
variations. Since the supply is shared with the display, any 
variation in voltage due to the display reading may cause 
clock supply voltage modulation. When in overrange the 
display alternates between a blank display and the 0000 
overrange indication. This shift occurs during the reference 
integrate phase of conversion causing a low display reading 
just after overrange recovery. Both of the above circuits 
have considerable current flowing in the digital supply from 
drivers, etc. A clock source using an LM311 voltage com- 
parator with positive feedback (Figure 13) could minimize 
any clock frequency shift problem. 


The 7135 is designed to work from +5 volt supplies. 
However, if a negative supply is not available, it can be gen- 
erated with an ICL7660 and two capacitors (Figure 14). 


Figure 13: LM311 Clock Source 
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0342-16 
Figure 14: Generating a Negative Supply 
from + 5V 


INTERFACING WITH UARTS AND 
MICROPROCESSORS 


Figure 15 shows a very simple interface between a free- 
running ICL7135 and a UART. The five STROBE pulses 
start the transmission of the five data words. The digit 5 
word is QOOOOXXXX, digit 4 is 1000XXXxX, digit 3 is 
0100XXXX, etc. Also the polarity is transmitted indirectly by 
using it to drive the Even Parity Enable Pin (EPE). If EPE of 
the receiver is held low, a parity flag at the receiver can be 
decoded as a positive signal, no flag as negative. A com- 
plex arrangement is shown in Figure 16. Here the UART 
can instruct the A/D to begin a measurement sequence by 
a word on RRI. The BUSY signal resets the Data Ready 
Reset (DRR). Again STROBE starts the transmit sequence. 
A quad 2 input multiplexer is used to superimpose polarity, 
over-range, and under-range onto the Ds word since in this 
instance it is known that Bo=B,=Bg=0. 


SERIAL OUTPUT 
TO RECEIVING UART 


Ds D3 De 
Ds 


Bo Ba Bs 
STROBE 


1CL7135 


RUN/HOLD 


Figure 15: ICL7135 to UART Interface 


NOTE: All typical values have been characterized but are not tested. 
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Figure 16: Complex ICL7135 to UART Interface 
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Figure 17: 1CL7135 to MC6800, MCS650X Interface 


NOTE: All typical values have been characterized but are not tested. 
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Figure 18: ICL7135 to MCS-48, — 80, 85 Interface 


For correct operation it is important that the UART clock 
be fast enough that each word is transmitted before the 
next STROBE pulse arrives. Parity is locked into the UART 
at load time but does not change in this connection during 
an output stream. 


Circuits to interface the ICL7135 directly with three popu- 
lar microprocessors are shown in Figures 17 and 18. The 
8080/8048 and the MC6800 groups with 8 bit buses need 
to have polarity, over-range and under-range multiplexed 
onto the Digit 5 word — as in the UART circuit. In each case 
the microprocessor can instruct the A/D when to begin a 
measurement and when to hold this measurement. 


APPLICATION NOTES 
A016 “Selecting A/D Converters,” by David Fullagar 
A017 “The Integrating A/D Converters,” by Lee Evans 


NOTE: All typical values have been characterized but are not tested. 
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A018 


A023 


A028 


A030 


A032 


R005 


“Do’s and Don'ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 

“Low Cost Digital Panel Meter Designs,” by David 
Fullager and Michael Dufort 

“Building an Auto-Ranging DMM Using the 8052A/ 
7103A A/D Converter Pair,” by Larry Goff 

“The |1CL7104 — A Binary Output A/D Converter for 
Microprocessors”, by Peter Bradshaw 
“Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family’, by Peter 
Bradshaw 

“Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976 
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ICL7135 
INTEGRATING A/D CONVERTER 
EQUATIONS | 


Clock Input 


The ICL7135 does not have an internal oscillator. It re- 
quires an external clock 


fcLtock typ = 120 KHz 
Clock Period 
tcLock = 1/fcLtock 
Integration Period 
tint = 10000 X< tcLock 
60/50 Hz Rejection Criterion 
tint/teoHz OF tint/tsonz = Integer 
Optimum Integration Current 
lint = 20.0 vA 
Full Scale Analog Input Voltage 
Vings Typically = 200 mV or 2.0V 
Integrate Resistor 


_ (Vines) 
(lint) 
Integrate Capacitor 
Cre = SUNT) flint) 
(Vint) 


Integrator Output Voltage Swing 
Vig — (INT) (lint) 
(Cint) 
Vint Maximum Swing: 
(V— +0.5) < Vint < (Vt —0.5V) 
Vint typically = 2.7V 


AUTOZERO 
(COUNT) 


30001-10001 


INTEGRATE 
(FIXED COUNT) 


Display Count 


- _Vin 
COUNT = 10000 x —— 
VREF 


Conversion Cycle 

tcyc = tcLock < 40002 

when fcLtock = 120 KHz, tcyc = 333 ms 
Common Mode Input Voltage 

(V— +1.0V) < Vin < (Vt —0.5V) 
Auto Zero Capacitor 

0.01 uF < Caz < 1.0 pF 
Reference Capacitor 

0.1 uF < Crer < 1.0 LF 
Power Supply: Dual + 5.0V 

Vt = +5.0 to GND 

Vt = —5.0 to GND 
Output Type: 
4 BCD Nibbles With 
Polarity and Overrange Bits 


There is no internal reference available on the ICL7135. 
An external reference is required due to the 7135’s 414 
digit resolution. 


DEINTEGRATE 
(COUNT) 


1-20001 


Total Conversion Time = 40002 * to: ocx 


Figure. 19 


NOTE: All typical values have been characterized but are not tested. 


DATA ACQUISITION fl 


A/D SUCCESSIVE APPROXIMATION 


ADC0802 8-Bit uP-Compatible A/D Converter ............... 0... es 4-2 
-~ADC0803 8-Bit u.P-Compatible A/D Converter ........... 0.0... cece ees 4-2 
_. ADC0804 8-Bit u.P-Compatible A/D Converter ............0. 0.0.00. cc cece eee eee eee 4-2 
(CA3310/CA3310A CMOS 10-Bit A/D Converter with Internal Track and Hold .................. 4-20 
HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor Interface .......... 4-35 
HI-674A 12us, Complete 12-Bit A/D Converter with Microprocessor Interface ......... 4-46 
HI-774 8us, Complete 12-Bit A/D Converter with Microprocessor Interface .......... 4-57 
~HI-7151 10-Bit High-Speed A/D Converter with Track and Hold .................... 4-70 
HI-7152 - 10-Bit High-Speed A/D-Converter with Track and Hold .................... 4-87 
HI-7153 _  8-Channel 10-Bit High-Speed A/D Converter with Track and Hold ........... 4-104 
ICL7112 . 12-Bit High-Speed CMOS uP-Compatible A/D Converter .................. 4-105 
ICL7115 14-Bit High-Speed CMOS yuP-Compatible A/D Converter .................. 4-118 
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GENERAL DESCRIPTION 


The ADC0802 family are CMOS 8-bit successive approxi- 
mation A/D converters which use a modified potentiometric 
ladder,.and are designed to operate with the 8080A control 


bus via three-state outputs. These converters appear to the 5 
processor as memory locations or I/O ports, and hence:no . 


interfacing logic is required. 

The differential analog voltage input has good common- 
mode-rejection, and permits offsetting the analog zero-in- 
put-voltage value. In addition, the voltage reference input 


can be adjusted to allow encoding any smaller analog volt-- 


age span to the full 8 bits of resolution. 


ORDERING INFORMATION| 


ADC0802=-ADCO0804 > 
8-Bit u.P-Compatible 
A/D Converters 


FEATURES 


© 80C48 and 80C80/85 Bus Compatible — No 
_ Interfacing Logic Required 


® Conversion Time < 100s 

® Easy Interface to Most Microprocessors 

© Will Operate in a “Stand Alone” Mode 

® Differential Analog Voltage Inputs -. 

® Works With Bandgap Voitage References 

© TTL Compatible Inputs and Outputs ; 

® On-Chip Clock Generator. 

© OV to 5V Analog. Voitage Input Range (Single + 5V 
Supply) 

® No Zero-Adjust Required 


Part External Temperature Buenas 
Number Conditions © Range g 


ADCO0802LCN 
ADC0802LCD 
ADC0802LD 
ADC0802LD/HR 


ADCO803LCN 
ADC0803LCD 
ADCO0803LD 


+ Y% bit 
+ 3/, bit 
+1 bit 

+1 bit - 


+ Vp bit 
+3, bit 


+ 1 bit Reading 


ADCO804LCN +1 bit Vrer/2 = 2.500 Voc 
ADCO0804LCD +1 bit (No Adjustments) 


»PROCESSOR 


Figure 1: Typical Application 


Vrer/2 = 2.500 Voc 
-(No Adjustments) 


VreF/2 Adjusted for 
Correct.Full-Scale 


0°C to + 70°C 
— 40°C to + 85°C 
— 55°C to + 126°C 
— 55°C to + 126°C .. 
0°C to + 70°C 
—40°C to +85°C 
— 55°C to + 125°C 


0°C to + 70°C 
— 40°C to + 85°C 


20 pin Plastic DIP . 
20 pin CERDIP 

- 20 pin CERDIP 
20 pin CERDIP 


20 pin Plastic DIP: 
20 pin CERDIP 
20 pin CERDIP 


20 pin Plastic DIP 
20 pin CERDIP 


Vt OR Veer 


BIT RESOLUTION 
DIFF J OVER ANY DESIRED 

INPUTS | ANALOG INPUT 

VOLTAGE RANGE ~ 


ADC0802- 
ADC0804 


111] DB7 (MSB) 


TOP VIEW 


0334-2 
(Outline dwg. CD, CN) 
Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 4-2. 
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“1 = RESET SHIFT REGISTER 
“0” = BUSY AND RESET STATE 


INPUT PROTECTION 
FOR ALL LOGIC INPUTS 


INPUT 


ADC0802-ADC0804 


TO INTERNAL 
CIRCUITS 


START 
CONVERSION 


an i 


successive |__| REGISTER RESET euOD 


APPROX 
REGISTER 


| INTR FIF 


3-STATE 
OUTPUT LATCHES 


1112 13 14 15 16 17 18 = ee: ee 
—_—_—_—_—_—— | CONV. COMPL. 
DIGITAL OUTPUTS 


3-STATE CONTROL as Lg x Tf 
“1” = OUTPUT ENABLE | 


Figure 3: Functional Diagram of ADC0802-—ADC0804 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RATINGS 

Supply Voltage: 6 045.402 snes eae eteneee dia vas 6.5V Temperature Range 

Voltage at Any Input .............. —0.3V to (V+ +0.3V) ADCO802/03LD .25.6).cc 6d enews — 55°C to + 125°C 
Storage Temperature Range .......... —65°C to + 150°C ADC0802/03/04LCD ............... — 40°C to + 85°C 
Package Dissipation at Ta=+25°C ............. 875mW ADC0802/03/04LCN .................. 0°C to + 70°C 
Lead Temperature (Soldering, 10sec) ............. 300°C . Supply Voltage Range ..................... 4.5V to 6.3V 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Notes 1 and 7) 
Converter Specifications: v+ =5v, Ta= + 25°C and fc. = 640kHz unless otherwise stated. 


Test Conditions | Min | typ 

ADCO0802:  — Vrer/2 = 2.500V 4 

Total Unadjusted Error . a a th ace 
ADC0803: Vrer/2 Adjusted for Correct LY; LSB 
Total Adjusted Error Full-Scale Reading Ree 

ADC0804: Vrer/2 = 2.500V +4 LSB 
Total Unadjusted Error ~ 

i 13 


Analog Input Voltage Range (Note 2) | GND—0.05 a V+ +0.05 
DC Common-Mode Rejection Over Analog Input Voitage Range | | te | tM | OLB 


+ = +10° 
Power Supply Sensitivity V 5V +10% Over Allowed LSB 


Vrer/2 Input Resistance Input Resistance at Pin 9 


Input Voltage Range 


Test Conditions ee 

ADC0802: Vrer/2 = 2.500V 
+1 
Total Unadjusted Error aw ee, eee 
ADC0803: Vrer/2 Adjusted for Correct 
: +V% LSB 

Total Adjusted Error Full-Scale Reading 

~ ADCO0804: | Vrer/2 = 2.500V - 4 LSB 
Total Unadjusted Error 
Vrer/2 Input Resistance Input Resistance at Pin 9 | 40 0—6[ cas | kc 
Analog Input Voltage Range (Note 2) GND —0.05 rs at V++0.05 
DC Common-Mode Rejection Over Analog Input Voltage Range P| tm | tye | LB | 

V+ =5V +10% Over Allowed 
P Suppl itivi +1 +4 LSB 
Sete mens Input Voltage Range || tm fe 


NOTE: All typical values have been characterized but are not tested. 
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Converter Specifications: v+ = 5v, —25°C < Ta < +85°C and fo., = 640 kHz unless otherwise stated. 


Parameter Test Conditions 


ADC0803: VreF/2 Adjusted for Correct 
Total Adjusted Error Full-Scale Reading 
ADC0804: Vrer/2 = 2.500V 

Total Unadjusted Error 


ADCO0802-ADC0804 


(Note 2) GND —0.05 
DC Common-Mode Rejection Over Analog Input Voltage Range 


V+ =5V +10% Over Allowed 
Input Voltage Range 


Input Resistance at Pin 9 


Test Conditions 


ADC0802: VrerF/2 = 2.500V 

Total Unadjusted Error 

ADC0803: VreF/2 Adjusted for Correct 
Total Adjusted Error Full-Scale Reading 
ADC0804: VreF/2 = 2.500V 

Total Unadjusted Error 


Vrer/2 Input Resistance Input Resistance at Pin 9 1.0 
Analog Input Voltage Range (Note 2) GND—0.05 


+= + fo) 
Power Supply Sensitivity ee ie ine Allowed oe 


NOTE: All typical values have been characterized but are not tested. 
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‘([eymbor [Parameter | Testeonatons [win | typ [wax | uni 
ToataourrursanDIWR 
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DC ELECTRICAL CHARACTERISTICS 


Digital Levels and DC Specifications: v+=5v and Tyin<Ta<Tmax, unless otherwise noted. | 


| symbol | Parameter | _TestConaitions_ | win | typ | Max | unit _| 


CONTROL INPUTS (Note 6) . 
Logical “1” Input Voltage n | > : 
7 =5. A) 
(Except Pin4d CLK IN) _ . eo 7 
Logical ‘O” Input Voltage 4: 
=4, V 

(Except Pin 4 CLK IN) i rN 

vt CLK IN (Pin 4) Positive Going ~ oe 

sia Threshold Voltage 
CLK IN (Pin 4) Negative Going | 
- ‘ 1.8 2.1 V 

Threshold Voltage ny 

y, CLK IN (Pin 4) Hysteresis 

i (Vo_kt)—(VcLk7) 
Logical “1” Input Current : _ | | 
(All Inputs) ee = | 
Logical ‘‘0” Input Current | | 

| =0V —0.005 — DA 

(All Inputs) iD | -1 | -o | | ma 
Supply Current (Includes foLk = 640kHz, ; 
Ladder Current) Ta= +25°C and CS=HI 


DC ELECTRICAL CHARACTERISTICS 
Digital Levels and DC Specifications: v+ =5v and Tyin<Ta< Tmax, unless otherwise noted. (Continued) 


DATA OUTPUTS AND INTR 


lo=1.6mA 
V+ =4.75V 


lp= —360pA 
V+=4.75V 


| [fm] vy 
ILo 3-State Disabled Output VouT=0V =o pA 
Leakage (All Data Buffers) Vout = 5V 3 pA 

p45 | 6 | | me | 

p90 | te {| ma 


VOL Logical ‘‘0” Output Voltage 


VOH Logical ‘‘1’’ Output Voltage 


Output Short Circuit Current Vout Short to Gnd Ta = + 25°C 
Output Short Circuit Current Vout Short to Vt Ta= + 25°C 


NOTES: 1. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND, being 
careful to avoid ground loops. 
2. For Vin(—)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing at low Vt. 
~ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog 
inputs near full-scale. As long as the analog V}y does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an 
absolute OV to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature variations, initial tolerance and 
loading. 
3. With V+ =6V, the digital logic interfaces are no longer TTL compatible. 
4. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. 
5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 
converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 
6. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately. 
7. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span 
exists (for example: 0.5V to 4.0V full-scale) the Vij(—) input can be adjusted to achieve this. See Zero Error on page 10 of this data sheet. 


NOTE: All typical values have been characterized but are not tested. 
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AC ELECTRICAL CHARACTERISTICS 
Timing Specifications: v+ =5v and Ta= + 25°C unless otherwise stated. 


Symbol TestConditions | Min | Typ | Max | Unit _ 

foLk Clock Frequency V+ =6V (Note 3) 100 | 640 | 1280 kHz 
V+=5V 100 | 640 800 kHz 

Glock Periods per Conversion (Noted) = | | we | | | 


INTR tied to WR with 
Conversion Rate In Free-Running Mode CS=0V, fox =640kHz ae 8888 


Width of WA Input (Start Pulse Width) CS=0V (Note 5) 

t Access Time (Delay from Falling Edge of C,. = 100pF (Use Bus Driver IC 
aa RD to Output Data Valid) for Larger C;) 

ee 3-State Control (Delay from Rising Edge Cy = 10pF, Ry = 10k 

tne oh of RD to HI-Z State) (See 3-State Test Circuits) 
ee Delay from Falling Edge of WR to 

Wh "RI | Reset of INTR 

C Input Capacitance of Logic 

i‘ Control Inputs 


3-State Output Capacitance (Data Buffers) 


135 200 


SoCs 
Soces 
rea! 


tin 


DATA 
OUTPUTS 
GND 

tr= 20ns 

0334-4 0334-5 
ton 
vt vt 
10k 
RD Cs DATA piers 3 
OUTPUT Vol 10% 

CL tr=20ns 

| 0334-7 


0334-6 
Figure 4: 3-State Test Circuits and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


LOGIC INPUT THRESHOLD VOLTAGE (V) 


foik (kHz) 


Logic Input Threshold Voltage 
vs Supply Voltage 


* [2880 = ta = +15] | 
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Delay From Falling Edge of RD to 
Output Data Valid 
vs Load Capacitance 


500 


1.7 ae 
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= 300 
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ai Be Rane 
et ody ese Pel ay ase att 
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fco_x vs Clock Capacitor 
1000 


FULL-SCALE ERROR (LSBs) 
on NM WO PHO DM 


CLOCK CAPACITOR (pF) 
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Output Uren vs Temperature Vr_er2 Voltage 


OUTPUT CURRENT (mA) 
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NOTE: All typical values have been characterized but are not tested. 
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Full-Scale Error vs Foix 
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CLK IN Schmitt Trip Levels 
~ vs Supply Voltage 
3.5 


CLK IN THRESHOLD VOLTAGE (V) 


475 500 5.25 
V+ —SUPPLY VOLTAGE (V) 
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Eile of Unadjusted Offset Error 
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power Supply Current vs Temperature 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Start Conversion 
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ACTUAL INTERNAL WR “BUSY” 


STATUS OF THE 
CONVERTER DATA IS VALID IN 


“NOT BUSY” OUTPUT LATCHES 


1TO8x WWicik aoe INTERNAL Tc 
{LAST DATA WAS READ) 


INTR Y . INTR 
(LAST DATA WAS NOT READ) _ ASSERTED 


Output Enable and Reset INTR 


6% 


OX POO 
etetetete® 


DATA ; 3-STATE 


OUTPUTS | (HI-Z) 


Figure 5: Timing Diagrams 


Note: All timing is measured from the 50% voltage points. 


NOTE: Ail typical values have been characterized but are not tested. 
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Transfer Function 


DIGITAL OUTPUT CODE 


A-1 A A+t1 
ANALOG INPUT (Vin) 
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Error Plot 


4 6 


ANALOG INPUT (Vin) 


a) Accuracy = + 0 LSB; A Perfect A/D 


Transfer Function 


DIGITAL OUTPUT CODE 


A-1 A A+1 
ANALOG INPUT (Vin) 
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Error Plot 


A-1 A A+1 
ANALOG INPUT (Vin) 


b) Accuracy = +12LSB 


Figure 6: Clarifying the Error Specs of an A/D Converter 


UNDERSTANDING A/D ERROR SPECS 


A perfect A/D transfer characteristic (staircase wave- 
form) is shown in Figure 6a. The horizontal scale is analog 
input voltage and the particular points labeled are in steps 
of 1LSB (19.53mV with 2.5V tied to the Varr/2 pin). The 
digital output codes which correspond to these inputs are 
shown as D -1, D, and D+ 1. For the perfect A/D, not only 
will center-value (A—1,A,A+1, . .) analog inputs pro- 
duce the correct output digital codes, but also each riser 
(the transitions between adjacent output codes) will be lo- 
cated +14 LSB away from each center-value. As shown, 
the risers are ideal and have no width. Correct digital output 
codes will be provided for a range of analog input voltages 
which extend + 1% LSB from the ideal center-values. Each 
tread (the range of analog input voltage which provides the 
same digital output code) is therefore 1LSB wide. 


NOTE: All typical values have been characterized but are not tested. 
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The error curve of Figure 6b shows the worst case trans- 
fer function for the ADCO802. Here the specification guaran- 
tees that if we apply an analog input equal to the LSB ana- 
log voltage center-value, the A/D will produce the correct 
digital code. 


Next to each transfer function is shown the correspond- 
ing error plot. Notice that the error includes the quantization 
uncertainty of the A/D. For example, the error at point 1 of 
Figure 6a is + 1% LSB because the digital code appeared 1% 
LSB in advance of the center-value of the tread. The error 
plots always have a constant negative slope and the abrupt 
upside steps are always 1LSB in magnitude, unless the de- 
vice has missing codes. 


FUNCTIONAL DESCRIPTION 


A functional diagram of the ADCO802 series of A/D con- 
verters is shown in Figure 3. All of the package pinouts are 
shown and the major logic control paths are drawn in heavi- 
er-weight lines. The device operates on the successive ap- 
proximation principle (see APPLICATION NOTES A016 and 
A020 for a more detailed description of this principle). Ana- 
log switches are closed sequentially by successive-approxi- 
mation logic until the analog differential input voltage 
[Vin¢+)— Vin)! matches a voltage derived from a tapped 
resistor string across the reference voltage. The most sig- 
nificant bit is tested first and after 8 comparisons (64 clock 
cycles), an 8-bit binary code (1111 1111 = full-scale) is 
transferred to an output latch. 


The normal operation proceeds as follows. On the high- 
to-low transition of the WR input, the internal SAR latches 
and the shift-register stages are reset, and the INTR output 
will be set high. As long as the CS input and WR input re- 
main low, the A/D will remain in a reset state. Conversion 
will start from 1 to 8 clock periods after at least one of 
these inputs makes a low-to-high transition. After the 
requisite number of clock pulses to complete the conver- 
sion, the INTR pin will make a high-to-low transition. This 
can be used to interrupt a processor, or otherwise signal the 
availability of a new conversion. A RD operation (with CS 
low) will clear the INTR line high again. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS=0. To ensure start-up under all pos- 
sible conditions, an external WR pulse is required during the 
first power-up cycle. A conversion-in-process can be inter- 
rupted by issuing a second start command. 


Digital Details | 


The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flip-flop, DFF1, 
which is at the input end of the 8-bit shift register. Internal 
clock signals then transfer this ‘‘1” to the Q output of DFF1. 
The AND gate, G1, combines this “1” output with a clock 
signal to provide a reset signal to the start F/F. If the set 
signal is no longer present (either WR or CS is a ‘‘1”), the 
start F/F is reset and the 8-bit shift register then can have 
the “1”. clocked in, which starts the conversion process. If 
the set signal were to still be present, this reset pulse would 
have no effect (both outputs of the start F/F would be ata 
“1” level) and the 8-bit shift register would continue to be 
held in the reset mode. This allows for asynchronous or 
wide CS and WR signals. 


After the “1” is clocked through the 8-bit shift register 
(which completes the SAR operation) it appears as the in- 
put to DFF2. As soon as this ‘1” is output from the shift 
register, the AND gate, G2, causes the new digital word to 
transfer to the 3-state output latches. When DFF2 is subse- 
quently clocked, the Q output makes a high-to-low transition 
which causes the INTR F/F to set. An inverting buffer then 
supplies the INTR output signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 3- 
state output latches will be enabled to provide the 8-bit digi- 
tal outputs. 


NOTE: All typical values have been characterized but are not tested. 
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Digital Control Inputs 


The digital control inputs (CS, RD, and WR) meet stan- 
dard TTL logic voltage levels. These signals are essentially 
equivalent to the standard A/D Start and Output Enable 
control signals, and are active low to allow an easy interface 
to microprocessor control busses. For non-microprocessor 
based applications, the CS input (pin 1) can be grounded 
and the standard A/D Start function obtained by an active 
low pulse at the WR input (pin 3). The Output Enable func- 
tion is achieved by an active low pulse at the RD input (pin 
2). 


Analog Operation 


The analog comparisons are performed by a capacitive 
charge summing circuit. Three capacitors (with precise ra- 
tioed values) share a common node with the input to an 
auto-zeroed comparator. The input capacitor is switched 
between Vin +) and Vin(—), while two ratioed reference ca- 
pacitors are switched between taps on the reference volt- 
age divider string. The net charge corresponds to the 
weighted difference between the input and the current total 
value set by the successive approximation register. A cor- 
rection is made to offset the comparison by % LSB (see 
Figure 6a). | 


Analog Differential Voitage Inputs and 
Common-Mode Rejection 


This A/D gains considerable applications flexibility from 
the analog differential voltage input. The Vin —) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4mA —20mA current loop conversion. In addition, common- 
mode noise can be reduced by use of the differential input. 


The time interval between sampling Vin(+) and Vin¢—) is 
41% clock periods. The maximum error voltage due to this 
slight time difference between the input voltage samples is 
given by: 


4.5 
AV_e(MAX) = (Vp)(27r fom) | face 


where: 
AV, is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
fom is the common-mode frequency 
For example, with a 60Hz common-mode frequency, fom, 
and a 640kHz A/D clock, fo.x, keeping this error to /%4 LSB 
(~5mV) would allow a common-mode voltage, Vp, given 
by: 
_ [AVe(MAX)(fcLk)! 
P (2 afem)(4.5) 
or 
5X 10-3) (640 x 103 
oe ) =1.9V 
(6.28) (60) (4.5) 


The allowed range of analog input voltage usually places 
more severe restrictions on input common-mode voltage 
levels than this. 


An analog input voltage with a reduced span and a rela- 
tively large zero offset can be easily handled by making use 
of the differential input (see Reference Voltage Span Ad- 
just). 
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Analog Input Current 


The internal switching action causes displacement cur- 
rents to flow at the analog inputs. The voltage on the on- 
chip capacitance to ground is switched through the analog 
differential input voltage, resulting in proportional currents 
entering the Vin(+) input and leaving the Vin—) input. 
These current transients occur at the leading edge of the 
internal clocks. They rapidly decay and do not inherently 
cause errors as the on-chip comparator is strobed at the 
end of the clock period. 


Input Bypass Capacitors 


Bypass capacitors at the inputs will average these 
charges and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions with 
the Vin(+) input voltage at full-scale. For a 640kHz clock 
frequency with the Vin +) input at 5V, this DC current is at a 
maximum of approximately 5A. Therefore, bypass capac- 
itors should not be used at the analog inputs or the 
Vrer/2 pin for high resistance sources (> 1k). If input by- 
pass capacitors are necessary for noise filtering and high 
source resistance is desirable to minimize capacitor size, 
the effects of the voltage drop across this input resistance, 
due to the average value of the input current, can be com- 
pensated by a full-scale adjustment while the given source 
resistor and input bypass capacitor are both in place. This is 
possible because the average value of the input current is a 
precise linear function of the differential input voltage at a 
constant conversion rate. 


Input Source Resistance 


Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors since the input 
currents settle out prior to the comparison time. If a low- 
pass filter is required in the system, use a low-value series 
resistor (<1kQ) for a passive RC section or add an op amp 
RC active low-pass filter. For low-source-resistance applica- 
tions, (<1kQ), a 0.1,.F bypass capacitor at the inputs will 
minimize EMI due to the series lead inductance of a long 
wire. A 1002 series resistor can be used to isolate this ca- 
pacitor (both the R and C are placed outside the feedback 
loop) from the output of an op amp, if used. 


Stray Pickup 


The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize stray signal pickup 
(EMI). Both EMI and undesired digital-clock coupling to 
these inputs can cause system errors. The source resist- 
ance for these inputs should, in general, be kept below 5k. 
Larger values of source resistance can cause undesired sig- 
nal pickup. Input bypass capacitors, placed from the analog 
inputs to ground, will eliminate this pickup but can create 
analog scale errors as these capcitors will average the tran- 
sient input switching currents of the A/D (see Analog Input 
Current). This scale error depends on both a large source 
resistance and the use of an input bypass capacitor. This 
error can be compensated by a full-scale adjustment of the 
A/D (see Full-Scale Adjustment) with the source resist- 
ance and input bypass capacitor in place, and the desired 
conversion rate. 


NOTE: All typical values have been characterized but are not tested. 
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Reference Voltage Span Adjust 


For maximum application flexibility, these A/Ds have 
been designed to accommodate a 5V, 2.5V or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 7. 


V+ (VReF) 
e 


DIGITAL 
CIRCUITS 


ANALOG 
| DECODE CIRCUITS 


0334-22 
Figure 7: The VrereRence Design on the IC 


Notice that the reference voltage for the IC is either 1 of 
the voltage which is applied to the Vt supply pin, or is 
equal to the voltage which is externally forced at the Vracr/ 
2 pin. This allows for a pseudo-ratiometric voltage reference 
using, for the V+ supply, a 5V reference voltage. Alterna- 
tively, a voltage less than 2.5V can be applied to the VagF/ 
2 input. The internal gain to the VpEF/2 input is 2 to allow 
this factor of 2 reduction in the reference voltage. 


Such an adjusted reference voltage can accommodate a 
reduced span or dynamic voltage range of the analog input 
voltage. If the analog input voltage were to range from 0.5V 
to 3.5V, instead of OV to 5V, the span would be 3V. With 
0.5V applied to the Vin(—) pin to absorb the offset, the ref- 
erence voltage can be made equal to 1% of the 3V span or 
1.5V. The A/D now will encode the Vin +) signal from 0.5V 
to 3.5V with the 0.5V input corresponding to zero and the 
3.5V input corresponding to full-scale. The full 8 bits of reso- 
lution are therefore applied over this reduced analog input 
voltage range. The requisite connections are shown in Fig- 
ure 8. For expanded scale inputs, the circuits of Figures 9 
and 10 can be used. 


“SPAN"/2 


0334-23 
Figure 8: Offsetting the Zero of the ADC0802 and 
Performing an Input Range (Span) Adjustment 


0334-24 
Figure 9: Handling + 10V Analog Input Range 


0334-25 
Figure 10: Handling + 5V Analog Input Range 


Reference Accuracy Requirements 


The converter can be operated in a pseudo-ratiometric 
mode or an absolute mode. In ratiometric converter applica- 
tions, the magnitude of the reference voltage is a factor in 
both the output of the source transducer and the output of 
the A/D converter and therefore cancels out in the final 


NOTE: All typical values have been characterized but are not tested. 
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digital output code. In absolute conversion applications, 
both the initial value and the temperature stability of the 
reference voltage are important accuracy factors in the op- 
eration of the A/D converter. For Vagr/2 voltages of 2.5V 
nominal value, initial errors of + 10mV will cause conversion 
errors of + 1LSB due to the gain of 2 of the VagF/2 input. In 
reduced span applications, the initial value and the stability 
of the VreF/2 input voltage become even more important. 
For example, if the span is reduced to 2.5V, the analog 
input LSB voltage value is correspondingly reduced from 
20mV (5V span) to 10mV and 1LSB at the VpeF/2 input 
becomes 5mV. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage and requires corre- 
spondingly less absolute change with temperature varia- 
tions. Note that spans smaller than 2.5V place even tighter 
requirements on the initial accuracy and stability of the ref- 
erence source. | 


In general, the reference voltage will require an initial ad- 
justment. Errors due to an improper value of reference volt- 
age appear as full-scale errors in the A/D transfer function. 
IC voltage regulators may be used for references if the am- 
bient temperature changes are not excessive. 


Zero Error 


The zero of the A/D does not require adjustment. If the 


minimum analog input voltage value, Vin(miN); is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input volt- 
age by biasing the A/D Vin;-) input at this Vin(miny value 
(see Applications section). This utilizes the differential 
mode operation of the A/D. 


The zero error of the A/D converter relates to the loca- 
tion of the first riser of the transfer function and can be 
measured by grounding the Vin(—) input and applying a 
small magnitude positive voltage to the Vin(+) input. Zero 
error is the difference between the actual DC input voltage 
which is necessary to just cause an output digital code tran- 
sition from 0000 0000 to 0000 0001 and the ideal 14 LSB 
value (% LSB=9.8mV for VagE/2 = 2.500V). 


Full-Scale Adjust 


The full-scale adjustment can be made by applying a dif- 
ferential input voltage which is 114 LSB down from the de- 
sired analog full-scale voltage range and then adjusting the 
magnitude of the Vpagr/2 input (pin 9) for a digital output 
code which is just changing from 1111 1110 to 1111 1111. 
When offsetting the zero and using a span-adjusted Vagr/2 
voltage, the full-scale adjustment is made by inputting Viyin 
to the Vin(—) input of the A/D and applying a voltage to the 
Vin(+) input which is given by: 

Max 
V fsadj=V 5, Po | 
IN(+)!Saq] = Vmax | 56 
where: 

Vmax = the high end of the analog input range 

and 


VaIN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 
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Clocking Option 

The clock for the A/D can be derived from an external 
source such as the CPU clock or an external RC network 
can be added to provide self-clocking. The CLK IN (pin 4) 
makes use of a Schmitt trigger as shown in Figure 11. 


Heavy capacitive or DC loading of the CLocK R pin 
should be avoided as this will disturb normal converter oper- 
ation. Loads less than 50pF, such as driving up to 7 A/D 
converter clock inputs from a single CLK R pin of 1 convert- 
er, are allowed. For larger clock line loading, a CMOS or low 
power TTL buffer or PNP input logic should be used to mini- 
mize the loading on the CLK R pin (do not use a standard 
TTL buffer). 
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Restart During a Conversion 


If the A/D is restarted (CS and WR go low and return 
high) during a conversion, the converter is reset and a new 
conversion is started. The output data latch is not updated if 
the conversion in progress is not completed. The data from 
the previous conversion remain in this latch. 


Continuous Conversions 


In this application, the CS input is grounded and the WR 
input is tied to the INTR output. This WR and INTR node 
should be momentarily forced to logic low following a pow- 
er-up cycle to insure circuit operation. See Figure 12 for 
details. 


~ 4.4 RC 


R= 10k 


Figure 11: Self-Clocking the A/D 
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Figure 12: Free-Running Connection 


NOTE: All typical values have been characterized but are not tested. 


Driving the Data Bus 


This CMOS A/D, like MOS microprocessors and memo- 
ries, will require a bus driver when the total capacitance of 
the data bus gets large. Other circuitry, which is tied to the 
data bus, will add to the total capacitive loading, even in 3- 
state (high-impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 


There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems -operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels: orm the bus and 
therefore higher capacitive loads can be driven (see Typi- 
cal Performance Characteristics). 


At higher CPU clock frequencies time can be extended 


for |/O reads (and/or writes) by inserting wait states (8080)-- 


or using clock-extending circuits (6800). 


Finally, if time is short and capacitive loading is high, ex- 
ternal bus drivers must be used. These can be 3-state buff- 
ers (low power Schottky is recommended, such as the 
74LS240 series) or special higher-drive-current products 
which are designed as bus drivers. High-current bipolar bus 
drivers with PNP inputs are recommended. 


Power Supplies 


Noise spikes on the V+ supply line can cause conversion 
errors as the comparator will respond to this noise. A low-in- 
ductance tantalum filter capacitor should be used close to 
the converter Vt pin, and values of 1,F or greater-are 


recommended. If an unregulated voltage is-available in the — 


system, a separate 5V voltage regulator for. the converter 
(and other analog circuitry) will greatly reduce digital noise 
on the V+ supply. An ICL7663 can be used to regulate such 
a supply from an input as low as 5.2V. 


Wiring and Hook-Up Precautions 


Standard digital wire-wrap sockets are not satisfactory for 
breadboarding with this A/D converter. Sockets on PC 
boards can be used. All logic signal wires and leads should 
be grouped and kept as far away as possible from the ana- 
log signal leads. Exposed leads to the analog inputs can 
cause undesired digital noise and hum pickup; therefore, 
shielded leads may be necessary in many applications. 


A single-point analog ground should be used which is 
separate from the logic ground points. The power supply 


bypass capacitor and the self-clocking capacitor (if used) . 


should both be returned to digital ground. Any Vpagr/2 by- 


pass capacitors, analog input filter capacitors, or input sig-~ 


nal shielding should be returned to the analog ground point. 
A test for proper grounding is to measure the zero error of 
the A/D converter. Zero errors in excess of 1% LSB can 
usually be traced to improper board layout and wiring (see 
Zero Error for measurement). Further information can be 
found in A018. 


NOTE: All typical values have been characterized but are not tested. 
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TESTING THE A/D CONVERTER. 


There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 13. 


For ease of testing, the Vagr/2 (pin 9) should be supplied 
with 2.560V and a Vt supply voltage of 5.12V should be 
used. This provides an LSB value of 20mV. 


If a full-scale adjustment is to be made, an analog input 
voltage of 5.090V (5.120 ~114 LSB) should be applied to 
the Vin(+) pin with the Vin(—) pin grounded. The value of 
the Va¢e/2 input voltage should be adjusted until the digital 
output code is just changing from 1111 1110 to 1111 1111. 
This value of Varr/2 should then be used for all the tests. 


LEDs 
(8) 


0334-28. 
Figure 13: Basic Tester for the A/D - 


The digital-output LED display can be decoded by divid- . 
ing the 8 bits into 2 hex characters, one with the 4 most-sig- - 


nificant bits (MS) and one with the 4 least-significant bits 
(LS). The output is then interpreted as a sum of fractions 
times the full-scale voltage: 


MS LS 


Vane PB 1D 
ome (“ sa) ) 
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For example, for an output LED display of 1011 0110, the 
MS character is hex B (decimal 11) and the LS character is 
hex (and decimal) 6, so 

6 


1.006) 
Vojr=(—+ —~ ) (6.12) =3.64V. 
Que (= sea) ) 


Figures 14 and 15 show more sophisticated test circuits. 
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Figure 14: A/D Tester with Analog Error Output. 

This circuit can be used to generate “error plots” of 
Figure 6. 
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Figure 15: Basic “Digital” A/D Tester 


APPLICATIONS 


Interfacing 8080/85 or Z-80 
Microprocessors 


This converter has been designed to directly interface 


with 8080/85 or Z-80 Microprocessors. The 3-state output 
capability of the A/D eliminates the need for a peripheral 
interface device, although address decoding is still required 
to generate the appropriate CS for the converter. The A/D 
can be mapped into memory space (using standard memo- 
ry-address decoding for CS and the MEMR and MEMW 
strobes) or it can be controlled as an I/O device by using 
the 1/O R and I/O W strobes and decoding the address bits 
AO — A7 (or address bits A8 — A15, since they will 
contain the same 8-bit address information) to obtain the 
CS input. Using the I/O space provides 256 additional ad- 
dresses and may allow a simpler 8-bit address decoder, but 
the data can only be input to the accumulator. To make use 
of the additional memory reference instructions, the A/D 
should be mapped into memory space. See A020 for more 
discussion of memory-mapped vs !/O-mapped interfaces. 
An example of an A/D in I/O space is shown in Figure 16. 


NOTE: All typical values have been characterized but are not tested. 
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The standard control-bus signals of the 8080 (CS, RD 
and WR) can be directly wired to the digital control inputs of 
the A/D, since the bus timing requirements, to allow both 


Starting the converter, and outputting the data onto the data 


bus, are met. A bus driver should be used for larger micro- 
processor systems where the data bus leaves the PC board 


_and/or must drive capacitive loads larger than 100pF. 


It is useful to note that in systems where the A/D convert- 
er is 1 of 8 or fewer |/O-mapped devices, no address-de- 
coding circuitry is necessary. Each of the 8 address bits (AO 
to A7) can be directly used as CS inputs, one for each |/O 
device. 


interfacing the Z-80 and 8085 


The Z-80 and 8085 control buses are slightly different 
from that of the 8080. General RD and WR strobes are 
provided and separate memory request, MREQ, and I/O 
request, IORQ, signals have to be combined with the gener- 
alized strobes to provide the appropriate signals. An advan- 
tage of operating the A/D in I/O space with the Z-80 is that 
the CPU will automatically insert one wait state (the RD and 
WR strobes are extended one clock period) to allow more 
time for the 1/O devices to respond. Logic to map the A/D 
in I/O space is shown in Figure 17. By using MREQ in place 
of IORQ, a memory-mapped configuration results. 


Additional 1/O advantages exist as software DMA rou- 
tines are available and use can be made of the output data 
transfer which exists on the upper 8 address lines (A8 to 
A15) during |/O input instructions. For example, MUX chan- 
nel selection for the A/D can be accomplished with this 
operating mode. 


The 8085 also provides a generalized RD and WR strobe, 
with an IO/M line to distinguish 1/O and memory requests. 
The circuit of Figure 17 can again be used, with |O/M in 
place of IORQ for a memory-mapped interface, and an ex- 
tra inverter (or the logic equivalent) to provide 1O/M for an 
|/O-mapped connection. 


interfacing 6800 Microprocessor 
Derivatives 
(6502, etc.) 


The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it em- 
ploys a single R/W line and additional timing, if needed, can 
be derived from the 2 clock. All |/O devices are memory- 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 16 shows 
an interface schematic where the A/D is memory-mapped 
in the 6800 system. For simplicity, the CS decoding is 
shown using Y%, DM8092. Note that in many 6800 systems, 
an already decoded “% line is brought out to the common 
bus at pin 21. This can be tied directly to the CS pin of the 
A/D, provided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 


In Figure 19 the ADCO802 series is interfaced to the 
MC6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter (PIA). Here the CS pin of the A/D is grounded since 
the PIA is already memory-mapped in the MC6800 system 
and no CS decoding is necessary. Also notice that the A/D 
output data lines are connected to the microprocessor bus 
under program control through the PIA and therefore the A/ 
D RD pin can be grounded. 


ADC0802-ADC0804 


INT (14) 


4 UO WR (27)° 


4 VO RD (25)° 


ADC0802-ADC0804 


> DBo (13)° 
DB: (16)* 
DB2 (11)° 
DBs (9)° 

> DB« (5)° 
DBs (18)° 
DBe (20)* 

> DB? (7)* 


Note: Pin numbers for 8228 system controller: others are 8080A 


Figure 16: ADC0802 to 8080A CPU Interface 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATION NOTES 


‘Some applications bulletins that may be found useful are 
listed here: 


A016 
A018 


A020 


A030 


R005 


“Selecting A/D Converters,” by Dave Fullagar. 
“Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 

“A Cookbook Approach to High Speed Data Acqui- 
sition and Microprocessor Interfacing,” by Ed Sliger. 
“The ICL7104 — A Binary Output A/D Converter for 
Microprocessors,” by Peter Bradshaw. 


“Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 


ANALOG OC 
INPUTS © 


150pF 


ADC0802-ADCO0804 


74C32 


- Figure 17: Mapping the A/D as an I/O device for 


use with the Z-80 CPU 


> IRQ (4)*[0)** 


RW (34) [6] 


| 10pF 
ab | ABC 


O §V (8), 123 

> Do (33) [31] 
D1 (32) [29] 
D2 (31) (K] 
Ds (30) [H] 

> De (29) [32] 

> Ds (28) [30] 

> De (27) (U) 
D7 (26) [J] 


S Ar2 (22) [34] 


4 Ai3 (23) [N] 


13 re 
“CP 4 Arg (24) [RA] 


%% DM8092 |+—¢ <q, 4 Ais (25) [33] 


UVMA (5) [F} 


*Note 1: Numbers in parentheses refer to MC6800 CPU pinout. 


**Note 2: Numbers or letters in brackets refer to standard MC6800 system common bus code. 


Figure 18: ADC0802 to MC6800 CPU Interface 


NOTE: All typical values have been characterized but are not tested. 
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ADCO0802-ADC0804 


0334-34 


Figure 19: ADC0802 to MC6820 PIA Interface 


NOTE: All typical values have been characterized but are not tested. 
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m) 


om RIS 


SEMICONOUCTOR 


CA3310, CA3310A 


CMOS 10-Bit Analog-to-Digital 


Converter with Internal Track and 


GENERAL DESCRIPTION 


The Harris CA3310 is a fast, low power, 10-bit successive 
approximation analog-to-digital converter, with microproces- 
sor-compatible outputs. It uses only a single 3V to 6V sup- 
ply and typically draws just 3 mA when operating at 5V. It 
can accept full rail-to-rail input signals, and features a built- 
in track and hold. The track and hold will follow high bana- 
width input signals, as it has only a 100 ns (typical) input 
time constant. 


The ten data outputs feature full high-speed CMOS three- 
state bus driver capability, and are latched and held through 
a full conversion cycle. Separate 8 MSB and 2 LSB enables, 
a data ready flag, and conversion start and ready reset in- 
puts complete the microprocessor interface. 


An internal, adjustable clock is provided and is available 
as an output. The clock may also be driven from an external 
source. 


ORDERING INFORMATION 


Hold 


FEATURES 

© CMOS Low Power (15 mW Typ.) 

© Single Supply Voltage (3V to 6V) 

© 13 us Conversion Time 

© Built-In Track and Hold 

® Rail-to-Rail Input Range 

© Latched 3-State Output Drivers 

© Microprocessor-Compatible Control Lines 
@ Internal or External Clock 


APPLICATIONS 

® Fast, No-Droop, Sample and Hold 

® Voice Grade Digital Audio 

© DSP Modems 

® Remote Low Power Data Acquisition Systems 
© »P Controlled Systems 


Linearity Temperature 

steaniae (NL, DNL) 
CA3310E +0.75 LSB —40°C to + 85°C 24-Pin Plastic DIP 
CA3310AE +0.5 LSB 24-Pin Plastic DIP 


— 40°C to + 85°C 


— 55°C to + 125°C 
—55°C to + 125°C 


CA3310D +0.75 LSB 
CA3310AD +0.5 LSB 


NOTE: Consult sales office for availability of SOIC packages. 


oOo OoOnNnnua ff wn = 


24-Pin Ceramic DIP 
24-Pin Ceramic DIP 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 1854 -002 


NOTE: All typical values have been characterized but are not tested. 4-20 
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CA3310, CA3310A 


STRT 
REXT 
CLK 
DROY 

DRST 

OEM 


09 (MSB) 


08 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


> DO(LSB) 


OEL 


Figure 2: Functional Diagram 


ABSOLUTE MAXIMUM RATINGS 
Digital Supply Voltage (Vpp) 


Analog Supply Voltage (Vaqt) 


Any Other Terminal ........... Vss — 0.5V to Vpp + 0.5V 
DC Input or Output (Protection Diode) 

GUINEA: tite Keser arte e men eeas oad +20 mA 
DC Output Drain Current, per Output............. +35 mA 
Total DC Supply or Ground Current .............. +70mA 


Power Dissipation per Package (Pp): 
For Ta = —40°C to + 85°C 


(Package TVP6-E) ceases toads nde cwateaeis 300 mW 
For Ta = —55°C to + 100°C 

(Package Type D) ............. cee cee eee eee 300 mW 
For Ta = +100°C to + 125°C 

(Package Type D) .......... Derate Linearly at 8 mW/°C 


NOTE: All typical values have been characterized but are not tested. 
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Operating-Temperature Range (Ta): 


Package TypeD ................... — 55°C to + 125°C 
Package TypeE..................... — 40°C to + 85°C 
Storage Temperature (TsTq)......-...- —65°C to + 150°C 


Lead Temperature (During Soldering): 
At distance yg in. + Yo in. (1.59mm +0.79mm) from 
Case for 10S Maxis sho giuced ae he aetasswuey + 265°C 
Unit inserted into a PC Board (min. 
thickness 14, in., 1.59mm) with solder contacting lead tips 
ON is ciecties ba cea etoe ete ee ae heeee se + 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of the specifica- 
tions is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


CA3310A, CA3310A 


CA3310A, CA3310A 


CA3310, CA3310A 


ELECTRICAL CHARACTERISTICS — Ta = 25°C, Vpp = Vaat = 5V, Vacrt = 4.608V, 
Vss = Vaa~ = Vrere = GND, Clock = External 1 MHz (Unless Noted) 


| Min | Typ | Max__ 
ACCURACY: SEE TEXT FOR DEFINITIONS 


Resolution 


Differential CA3310 
Linearity Error CA3310A 


Integral CA3310 . 
Linearity Error CA3310A 


+0.5 +0.75 LSB 
+0.25 +0.5 LSB 


5 | +£0.75, LSB 
+0.25| +05 LSB 


+0.25 +0.5 LSB 
+0.25 LSB 
+0.25 +0.5 LSB 
| +0.25 LSB 
ANALOG INPUT 


Input Resistance In Series with Input - 
; 330 
Sample Capacitors 


Gain Error CA3310 
CA3310A 


Offset Error CA3310 


CA3310A 


Input Capacitance During Sample State 
During Hold State 


At Vin = Vrert = 5V 
At Vin = Vreg~ = OV 
STRT = V+,CLK = V+ 
At = Vin = Vrert+ = 5V 
At = Vin = Vrer— = OV 


A 

oO 
ne) 
n 


CLK Only (Note 2) a 
DIGITAL OUTPUTS: D0-D9, DRDY 


[LowLevelOuputVotage | igae=@ma_ 
FThreeStaloLeskage ———~+d ExceptROY | 
[output Capacitance | Except ROY Woe) | 


A. 


a | & 
comm i= 


oO 


|: 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vop = Vaat = 5V, Vaert = 4.608V, 
Vss = Vaa” = Vrer~ = GND, Clock = External 1 MHz (Unless Noted) (Continued) 


Parameter Test Conditions — 


Internal, CLK and Rex t Open 200 
Internal, CLK Shorted to Rext 


External, Applied to CLK: Max. 
(Note 2) Min. 100 


External, Applied to CLK: 100 
See Figure 6 (Note 2) 

See Figure 6 

See Figure 8 

See Figure 8 

See Figure 6 

See Figures 8 & 9 (Note 1): 

See Figure 9 

See Figures 8 &9 

Seo Figures 8 & 9 

Seo Figure 8 

See Figure 10 (Note 1) 

See Figure 10 


Ready Reset to Data Ready See Figure 10 
Delay, Tp4 DRDY 


See Figure 7 
See Figure 7 60 
v 
mA 

A 
mv/V 
WA 

@ 0 to 1 Code Transition —4 pV/°C 
@ 1022 to 1023 Code Transition pV/°C 


NOTE 1: A (—) removal time means the signal can be removed after the reference signal. 
2: Parameter not tested, but guaranteed by design or characterization. 


Limits 


Typ 
300 


CA3310A, CA3310A 


TIMING 
Clock Frequency 400 kHz 


800 1000 kHz 


NO 
= 
xr 
N 


o 
so 


100 
5 


— 
jo) 


i) 
a 


0 


pe) 
=) 
© 


—120 


— 
ba | 


0 


ie) 


0 


jo) 


oO 
ol Oo 


aS 
io) 


oO 


No | G 


| 
= 
on 


NOTE: All typical values have been characterized but are not tested. 
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CA3310A, CA3310A 


Table 1: Pin Description 
DO-—D9 Three-state outputs for data bits representing 20 (LSB) through 29 (MSB). 


Output flag signifying new data is available. Goes high at end of clock period 13, 
goes low when new conversion started. Also reset asynchronously by DRST. 


1-10 


DEVICE OPERATION 


The CA3310 is a CMOS 10-bit analog-to-digital converter 
that uses capacitor-charge balancing to successively ap- 
proximate the analog input. A binarily weighted capacitor 
network forms the D-to-A “Heart” of the device. Figure 2 
shows a functional diagram of the CA3310. 


The capacitor network has a common node which is con- 
nected to a comparator. The second terminal of each ca- 
pacitor is individually switchable to the input, Vagert or 
VREF- 

During the first three clock periods of a conversion cycle, 
the switchable end of every capacitor is connected to the 
input. The comparator is being auto-balanced at its trip 
point, thus setting the voltage at the capacitor common 
node. 

During the fourth period, all capacitors are disconnected 
from the input, the one representing the MSB (D9) is con- 
nected to the Vagrt terminal, and the remaining capacitors 
to VpaeF~. The capacitor-common node, after the charges 


NOTE: All typical values have been characterized but are not tested. 
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CA3310, CA3310A 


balance out, will represent whether the input was above or 
below 1% of (VaerFt — Vrer~). 

At the end of the fourth period, the comparator output is 
stored and the MSB capacitor is either left connected to 
Vrert (if the comparator was high) or returned to VagF~. 
This allows the next comparison to be at either 3/, or Y% of 
(VReFT — VREF7). 

At the end of periods 5 through 12, capacitors represent- 
ing the next to MSB (D8) through the next to LSB (D1) are 
tested, the result stored, and each capacitor either left at 
Vrert or at Vraer. 


At the end of the 13th period, when the LSB (DO) capaci- 
tor is tested, DO and ail the previous results are shifted to 
the output registers and drivers. The capacitors are re-con- 
nected to the input, the comparator returns to the balance 
state, and the data-ready output goes active. The conver- 
sion cycle is now complete. 


DEVICE OPERATION (Continue) 
Clock 


The CA3310 can operate either from its internal clock or 
from one externally supplied. The CLK pin functions either 
as the clock output or input. All converter functions are syn- 
chronous with the rising edge of the clock signal. 


Figure 3 shows the configuration of the internal clock. 
The clock output drive is low power: if used as an output, it 
should not have more than 1 CMOS gate load applied, and 
wiring Capacitance should be kept to a minimum. 


INTERNAL 
ENABLE 


ane 


OPTIONAL 
EXTERNAL 
CLOCK 


OPTIONAL 
CLOCK 
ADJUST 


Figure 3: CA3310 Clock Circuitry 
The Rext pin allows adjusting of the internal clock fre- 
quency by connecting a resistor between Reyxt and CLK. 
Figure 4 shows the typical relationship between the resistor 


and clock speed, while Figure 4 shows clock speed versus 
temperature and supply voltage. 


DEY Voy =3V-6V= Vag 
Vpp = 6V 


CLOCK FREQUENCY, kHz 


a ( 
Te Mi] 
pL 


4 68 2 
100 


EXTERNAL RESISTANCE, kQ 


0 
SHORT OPEN 


6 8 
1000 


0195-4 


Figure 4: Typical CA3310/CA3310A internal 
clock frequency vs. external resistance 


NOTE: All typical values have been characterized but are not tested. 
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-55 -40 0 +25 #85 +125 
TEMPERATURE, °C 


0195-5 
Figure 5: Typical CA3310/CA3310A internal 


clock frequency vs. temperature and supply 
voltage 


The internal clock will shut down if the A/D is not restart- 
ed after a conversion. This is described under Control Tim- 
ing. The clock could also be shut down with an open collec- 
tor driver applied to the CLK pin. This should only be done 
during the sample portion (the first three periods) of a con- 
version cycle, and might be useful for using the device as a 
digital sample and hold: this is described further under Ap- 
plications. 


If an external clock is supplied to the CLK pin, it must 
have sufficient drive to overcome the internal clock source. 
The external clock can be shut off, but again only during the 
sample portion of a conversion cycle. At other times, it must 
be above the minimum frequency shown in the specifica- 
tions. 


If the internal or external clock was shut off during the 
conversion time (clock cycles 4 through 13) of the A/D, the 
output might be invalid due to balancing capacitor droop. 


An external clock must also meet the minimum T_ow and 
THIGH times shown in the specifications. A violation may 
cause an internal miscount and invalidate the results. 


Conirol Signals 


The CA3310 may be synchronized from an external source 
by using the STRT (Start Conversion) input to initiate con- 
versions, or if STRT is tied low, may be allowed to free-run. 
In the free-running mode, illustrated in Figure 6, each con- 
version takes 13 clock periods. 


<q 
o 
bo 
YY 
0 
5 
oO 
<q 
=) 
Ll 
ry 
2 
<q 
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DEVICE OPERATION (continued) 


foto DATA 


DATA N 


DATA N-1 
7 
TRACK N Daa TRACK Nt 


dDO-9 


INPUT 


Tp APR 
0195~6 


Figure 6. CA3310 Timing Diagram, Free Running, 
STRT Tied Low, DRST Tied High 


The input is tracked from clock period 1 through period 3, 
then disconnected as the successive approximation takes 
place. After the start of the next period 1 (specified by Tp 
data), the output is updated. 


The DRDY (Data Ready) status output goes high (speci- 
fied by Tp; DRDY) after the start of clock period 1, and 
returns low (specified by Tp2 DRDY) after the start of clock 
period 2. DRDY may also be asynchronously reset by a low 
on DRST (to be discussed later). 


If the output data is to be latched externally by the DRDY 
signal, the trailing edge of DRDY should: be -used: there is 
no guaranteed set-up time to the leading. edge. 

The 10 output data bits are available in parallel on three- 
state bus driver outputs. When low, the OEM input enables 
the most significant byte (D2 through D9) while the OEL 
input enables the two least significant bits (DO, D1). Ten 
and Tpis specify the output enable and disable times, re- 
spectively. See Figure 7. 


OEL OR OEM 


00 TO D10R Ten 


T 
02 TO 09 a le a 


OFF TOHIGH 50%, an = 


ZL = 50 
1K 


F TO GND 
TO GND 


OFF TO LOW 50% 


ZL* 50 pF TO GND 
1KQ -TO Von 


10% 


0195-7 


Figure 7: CA3310 Output Enable/Disable 
Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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When the STRT input is used to initiate conversions, op- 
eration is slightly different depending on whether an internal 
or external clock is used. ; 


Figure 8 illustrates operation with an internal clock. If the 


STRT signal is removed (at least TR STRT) before .clock 
period 1, and is not re-applied during that period, the clock 


will shut off after entering period 2. The input will continue to — | 


track and the DRDY. output will remain high during this time. 


| 


(INTERNAL) 
Lere STRT 


STRT 


DRDY l 


HOLD 


fj foow's cane/ /// 


INPUT 


0195-8 


Figure 8: CA3310 Timing Diagram, STRT Pulsed 
Low, DRST Tied High, Internal Clock 


A low signal applied to STRT (at least Ty STRT wide) 
can now initiate a new conversion. The STRT signal (after'a 


delay of Tp3 DRDY) will cause the DRDY flag to drop, and 


(after a delay of Tp Clk) cause the clock to restart. 


Depending on how long the clock was shut off, the low 
portion of clock period 2 may be longer than during the 
remaining cycles. 


The input will continue to track until the end of period 3, 
the same as when free-running. 


Figure 9 illustrates the same operation as above, but with 
an external clock. If STRT is removed (at least TR STRT) 
before clock period 1, and not re-applied during that period, 
the clock will continue to cycle in period 2. A low signal 
applied to STRT will drop the DRDY flag as before, and with 
the first positive-going clock edge that meets the Tsy STRT 
set-up time, the converter will continue with clock period 3. 


The DRDY flag output, as described previously, goes ac- 
tive at the start of period 1, and drops at the start of period 2 
or upon a new STRT command, whichever is later. It may 
also be controlled with the DRST (Data Ready Reset) input. 
Figure 10 depicts this operation. 


s 


DEVICE OPERATION (Continued) 


DRST must be removed (at least TR DRST) before the 
start of period 1 to allow DRDY to go high. A low level on 
DRST (at least Tw DRST wide) will (after a delay of Tp4 
DRDY) drop DRDY. 


CLK 
(EXTERNAL) 


0195-9 


Figure 9: CA3310 Timing Diagram, STRT Pulsed 
Low, DRST Tied High, External Clock 


13 1 


int eaNal: OR EXTERNAL) \\\\vow'r_ care \\\\ 


TpRORST 


—> 
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Figure 10: CA3310 Timing Diagram, DRST Pulsed 
Low, STRT Tied High 


Analog Input 


The analog input pin is a predominantly capacitive load 
that changes between the track and hold periods of a con- 
version cycle. During hold, clock period 4 through 13, the 
input loading is leakage and stray capacitance, typically less 
than 0.1 2A and 20 pF. 


At the start of input tracking, clock period 1, some charge 
is dumped back to the input pin. The input source must 
have low enough impedance to dissipate the charge by the 
end of the tracking period. The amount of charge is depen- 
dent on supply and input voltages. Figure 11 shows typical 
peak input currents for various supply and input voltages, 
while Figure 12 shows typical average input currents. The 
average current is also proportional to clock frequency, and 
should be scaled accordingly. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 11. Typical CA3310/CA3310A Peak 
input Current vs. Input Voltage 
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Figure 12. Typical CA3310/CA3310A Average 
Input Current vs. Input Voltage 


During tracking, the input appears as approximately a 
300 pF capacitor in series with 3300, for a 100 ns time 
constant. A full-scale input swing would settle to % LSB 
(1/2048) in 7 RC time constants. Doing continuous conver- 
sions with a 1 MHz clock provides 3 ys of tracking time, so 
up to 10002 of external source impedance (400 ns time 
constant) would allow proper settling of a step input. 

If the clock was slower, or the converter was not restart- 
ed immediately (causing a longer sample time), a higher 
source impedance could be used. 
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DEVICE OPERATION (Continued) 
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Table 2: Output Code Table 


Code Description | 
(Vrer+ —VRer—) 
LsB = — 
= 1024 


Input Voltage * 


(V) 
Zero 
1 LSB 
Ya (VREFt+ — VREF—) © 
Yo (VpeE+ — VRer—) 
%4(VReet+ — VRer—) 
(VReEF+ — VReF—) — 1 LSB 


(VrRer+ — Vrer—) = 4.608V | MSB 
D9 D8 D7 D6 D5 D4 D3 D2 D1 


Binary Output Code 


Decimal 
LSB 


po Count 


*The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 


The CA3310’s low-input time constant also allows good 
tracking of dynamic input waveforms. The sampling rate 
with a 1 MHz clock is approximately 80 kHz. A Nyquist rate 
(fSaMPLE/2) input sine wave of 40 kHz would have negligi- 
ble attenuation and a phase lag of only 1.5 degrees. 


Accuracy Specifications 


The CA3310 accepts an analog input between the values 
of VRef~ and Vrert, and quantizes it into one of 219 or 
1024 output codes. Each code should exist as the input is 
varied through a range of 1/1024 X (Vaget — Vrer—), 
referred to as 1 LSB of input voltage. A differential linearity 
error, illustrated in Figure 13, occurs if an output code 


UNIFORM 
TRANSFER 
CURVE 


OUTPUT 
CODE 


I ACTUAL 
t—— TRANSFER 
CURVE 


A= IDEAL 1LSB STEP 
B-A = + DIFFERENTIAL LINEARITY ERROR 
A-C = - DIFFERENTIAL LINEARITY ERROR 


INPUT VOLTAGE 
~ 0195-13 


Figure 13: CA3310/CA3310A Definition of 
_ Differential Linearity Error 


NOTE: All typical values have been characterized but are not tested. 
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occurs over other than the ideal (1 LSB) input range. Note 
that as long as the error does not reach —1 LSB, the con- 
verter will not miss any codes. 


The CA3310 output should change from a code of 00046 
to 00146 at an input voltage of (Vage— + 1 LSB). It should 
also change from a code of 3FE 1g to 3FF4g at an input of 
(Vpeet — 1 LSB). Any differences between the actual and 
expected input voltages that cause these transitions are the 
offset and gain errors, respectively. Figure 14 illustrates 
these errors. 


EXPECTED 
TRANSFER 
CURVE 
GAIN 
ERROR 


ACTUAL 
TRANSFER 
CURVE 


1022 


1023 
1024 


1024 1024 


1024 


INPUT VOLTAGE AS A FRACTION OF (VreF*-VREF-) 
0195-14 


Figure 14. CA3310/CA3310A Definition 
of Gain and Offset Error 
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scale range. 


The clocking speed is a second factor that affects con- 
version accuracy. Figure 18 shows the typical variation of 


linearity, offset, and gain errors versus clocking speed. 
-V 


+ Voltage 
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Current vs. VrReF 


CA3310, CA3310A 


Errors vs. Reference Voltage 


CLOCK 
Figure 16. Typical CA3310/CA3310A Vrert 


Gain, Offset, Integral and Differential Linearity 


80] Vaa* = Vop = Vrer* 
Linearity, offset, and gain errors are dependent on the 


magnitude of the full-scale input range, Vaer* — VrRer~ 
Figure 17. Typical CA3310/CA3310A Normalized 


Figure 17 shows how these errors vary with full- 


Other Accuracy Effects 


wl ‘39VHAAV LN3ZYHND 434A YOUHS C3ZIIVHYON 
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dur- 


0195-15 
ing the successive approximation part of a conversion cy- 


not the ideal end 
GAIN POINT 
INPUT VOLTAGE 
Figure 15. CA3310/CA3310A Definition 
VrRerF and 


points. For absolute accuracy to be equal to the integral 


INTEGRAL 
LINEARITY 
ERROR 


and offset adjustment done 


ACTUAL 
TRANSFER 
-balancing capacitors are switched be- 


of Integral Linearity Error 
tween Vage— and Vraert. For that reason, 


- 
= 
fe) 
a 
| on 
Ww 
” 
uw 
& 
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Note that the integral linearity is referenced to a straight 
Vref could be raised from ground to adjust offset or to 


As the input voltage is increased linearly from the point 
accommodate an input source that can’t drive down to 


that causes the 0001, to 00146 transition to the point that 


Offset and Gain Adjustments 
The Vpaget and Vper— pins, references for the two ends of 


should also increase linearly. Any deviation from this input- 
the analog input range, are the only means of doing offset 


to-output correspondence is integral linearity error, illustrat- 


ed in Figure 15. 
linearity, the gain and offset would have to be adjusted to 


ideal. 


or gain adjustments. In a typical system, the Vagr~ might 


be returned to a clean ground 
on an input amplifier. Vaeet would then be adjusted for 


gain. 
Vref should be well bypassed. Figure 16 shows peak and 


causes the 3FE1g to 3FFyg transition, the output code 
average Vagrt current. 


ground. There are current pulses that occur, however, 


line drawn through the actual end points 
NOTE: All typical values have been characterized but are not tested. 


DEVICE OPERATION (Continued) 


cle, as the charge 


CA3310A, CA3310A 


DEVICE OPERATION (Continued) 


Gain and offset drift due to temperature are kept very low 
by means of auto-balancing the comparator. The specifica- 
tions show typical offset and gain dependency on tempera: 
ture. 


There is also very little linearity change with temperature, 
only that caused by the slight slowing of CMOS with in- 
creasing temperature. At + 85°C, for instance, the ILE and 
DLE would be typically those for a 20% taslek clock than at 
+ 25°C. 


a) 
oH hae 
SUS RGREEEeeAe 


CLOCK FREQUENCY - MHz 


Figure 18. Typical CA3310/CA3310A Normalized 
Gain, Offset, Integral and Differential Linearity 
Errors vs. Clock Speed 


Power Supplies and Grounding 


_ Vpp(+) and Vss(GND) are the digital supply pins: they 
operate all internal logic and the output drivers. Because 
the output drivers can cause fast current spikes in the Vpp 
and Vgg lines, Vss should have a low impedance path to 
digital ground and Vpp should be well bypassed. 


Except for Vaa*, which is a substrate connection to Vpp, 
all pins have protection diodes connected to Vpp and Vss: 
input transients above Vpp or below Vss will get steered to 
the digital supplies. Current on these pins must be limited by 
external means to the values specified under maximum rat- 
ings. 

The Vaat and Vaa~ terminals supply the charge-bal- 
ancing comparator only. Because the comparator is auto- 
balanced between conversions, it has good low-frequency 
supply rejection. It does not reject well at high frequencies, 


NOTE: All typical values have been characterized but are not tested. 
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CA3310, CA3310A 


however: Vaa~ should be returned to a clean analog 
ground, and Vaat should be RC decoupled from the digital 
supply. 

There is approximately 509 of substrate impedance be- 
tween Vpp and Vaa*. This can be used, for example, as 
part of a low-pass R-C filter to attenuate switching supply 
noise. A 10 pF capacitor from Vaat to ground would atten- 
uate 30 kHz noise by approximately 40 dB. Note that back- 
to-back diodes should be placed from Vpp to Vaqt to han- 
dle supply to capacitor turn-on or turn-off current spikes. 


Figure 19 shows Vaat supply rejection versus frequency. 
Note that the frequency to be rejected scales with the clock: 
the 100 Hz rejection with a 100 kHz clock would be roughly 
equivalent to the 1 kHz rejection with a 1 MHz clock. 


The supply current for the CA3310 is dependent on clock 
frequency, supply voltage, and temperature. Figure 20 
shows the typical current versus frequency and voltage, 
while Figure 21 shows it versus temperature and voltage. 
Note that if stopped in auto-balance, the supply current is 
typically somewhat higher than if free-running. See Specifi- 
cations. 
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_ Figure 19: Typical CA3310/CA3310A 
Vaa Supply Sensitivity 


DEVICE OPERATION (Continued) 


Vop = Vaa = VreF= 3-6 V 
LOAD = 50 pF/OUTPUT 
CONTINUOUS CONVERSIONS 
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0195-20 


Figure 20. Typical CA3310/CA3310A Supply 
Current vs. Clock Frequency 
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Figure 21: Typical CA3310/CA3310A Supply 
Current vs. Temperature 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS CIRCUITS 
Differential Input A/D System 


As the CA3310 accepts a unipolar positive-analog input, 
the accommodation of other ranges requires additional cir- 
cuitry. The input capacitance and the input energy also 
force using a low-impedance source for all but slow speed 
use. Figure 22 shows the CA3310 with a reference, input 
amplifier, and input-scaling resistors for several input 
ranges. 


The ICL7663S regulator was chosen as the reference, as 
it can deliver less than 0.25V input-to-output (dropout) volt- 
age and uses very little power. As high a reference as possi- 
ble is generally desirable, resulting in the best linearity and 
rejection of noise at the CA3310. 


The tantalum capacitor sources the Vref current spikes 
during a conversion cycle. This relieves the response and 
peak current requirements of the reference. 


The CA3140 op-amp provides good slewing capability for 
high bandwidth input signals and can quickly settle the en- 
ergy that the CA3310 outputs at its Vin terminal. It can also 
drive close to the negative supply rail. 


If system supply sequencing or an unknown input voltage 
is likely to cause the op-amp to drive above the Vpp supply, 
a diode clamp can be added from pin 8 of the op-amp to the 
Vpp supply. The minus drive current is low enough not to 
require protection. 


With a 2 MHz clock (~ 150 kHz sampling), Nyquist criteria 
would give a maximum input bandwidth of 75 kHz. The re- 
sistor values chosen are low enough to not seriously de- 
grade system bandwidth (an op-amp settling) at that clock 
frequency. If A/D clock frequency and bandwidth require- 
ments are lower, the resistor values (and input impedance) 
can be made correspondingly higher. 


The A/D system would generally be calibrated by tying 
Vin to ground and applying a voltage to Vijy+ that is 
0.5 LSB (1/2048 of full-scale range) above ground. The op- 
amp offset should be adjusted for an output code dithering 
between 00046 and 0014, for unipolar use, or 100g and 
10146 for bipolar use. The gain would then be adjusted by 
applying a voltage that is 1.5 LSB below the positive full- 
scale input, and adjusting the reference for an output dither- 
ing between 3FE4¢ and 3FF 46. 


CA3310A, CA3310A 
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APPLICATIONS CIRCUITS (Continued) 


3 1002+ 10% 


ADJUST 
GAIN 


ADJUST 
OFF SET = 


Input Range 
OV to 2.5V 
OV to 5V 
OV to 10V 
—2.5Vto +2.5V 4.99k 9.09k 9.09k 
—5Vto +5V 


CA3310, CA3310A 


+5 V SUPPLY 
0-14F CER 


Lo 


Vaat 


Voo 
STRT b -START CONVERSION 
ORST RESET FLAG 


OE HIGH BYTE ENABLE | 
CA3310/A 


LOW BYTE ENABL 


\ —_—, OUTPUT DATA 


DATA READY FLAG 
2 MHz CLOCK 


Unless Noted, 
All Resistors = 
1% Metal Film, 
Pots = 10 Turn, CERMET 


D = Digital Ground 
A = Analog Ground 


R1 R2 -R3. R4 RS 
4.99k 9.09k Open. 4.99k 9.09k 
4.99k 453k: Open 4.99k 4.53k 
10k 4.53k Open 10k. 4.53k 
4.99k 4.53k 


10k 9.09k 9.09k 10k 4.53k 


Figure 22. Unipolar or Bipolar Differential Input and A/D Converter System: 


Note that R1 through R5 should.be very well matched, as 
they affect the common-mode rejection of the A/D system. 
Also, if R2 and R3 are not matched, the offset adjust of the 
op-amp may not have enough adjustment range in biploar 
systems. . 

The common-mode input range of the system is set by 
the supply voltage available to the op-amp. The range that 
can be applied to the Viy~ terminal can be calculated by: 


R4 
(Fé + 1] Vin for the most negative 


R4 R4 
(= + 1] (Vin — 2.5V) — (7) Vrert for the most pos- 


Single + 5V Supply 


If only a single 5V supply is available, an ICL7660 can be 
used to provide approximately +8V and —4V to the op- 
amp. Figure 23 shows this approach. Note that the convert- 


NOTE: All typical values have been characterized but are not tested. 
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er and associated capacitors should be grounded to the 
digital supply. The 100 in series with each supply at the’ 
op-amp isolates digital and analog grounds. 


Digital Sample. and Hold 


With a minimum of external logic, the CA3310 can be. 
made to wait.at the verge of ending a sample. A start pulse 
will then, after the internal aperture delay, capture the input 
and finish the conversion cycle. Figure 24 illustrates this 
application. 


The CA3310 is connected as if to free run. The Data 
Ready signal is shifted through a CD74HC175, and at the 
low-going clock edge just before the sample would end, is 
used to hold the clock low. 


The same signal, active high, is available to indicate the 
CA3310 is ready to convert. A low pulse to reset the 
CD74HC175 will now release the clock, and the sample will 
end as it goes positive. Ten cycles later, the conversion will 
be complete, and DRDY will go active. 


CA3310, CA3310A 


APPLICATIONS CIRCUITS (Continued) 
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0195-23 
All Capacitors = 10 pF, 10V 
D = Digital Ground 
Figure 23: Plus and Minus Voltage Supply for Op-Amp -— 


CA3310/A 
+5V 


a 


FULL SCALE 
REFERENCE 


ANALOG 
INPUT 


INPUT BUFFED 
AS REQUIRED, <= 


READY TO 
CONVERT 


NOTES: 


Keep capacitance at Rex7/CLK node 
as low as possible. Vop 


cP CD74HC1I75E 
D = Digital Ground GND 


DO QO Di Qt D2 Q2 Q2 


A = Analog Ground D3 QO Qt Q3 Q3 MR 


START 
CONVERT 


Figure 24: Digital Track-and-Hold Block Diagram 


NOTE: All typical values have been characterized but are not tested. 
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OPERATING AND HANDLING 
CONSIDERATIONS 


1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. Recom- 


. mended handling practices for CMOS devices are de- 


scribed in ICAN-6526. ‘“‘Guide to Better ee and Oper- 


~ ation of CMOS Integrated Circuits”’. 


2. Operating 
Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Vpp 
— Vss to exceed the absolute maximum rating. 


NOTE: All typical values have been characterized but are not tested. 
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Input Signals 
' To prevent damage to..the input protection circuit, input 
signals should never be greater than Vpp + 0.3V nor less 
than Vss — 0.3V. Input currents must not exceed 20 mA 
even when the power supply is off. 
Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 
Output Short Circuits 


Shorting of outputs to Vpp or Vss may damage CMOS 


-devices by exceeding the maximum device dissipation. 


1-5 744 


Fast, Complete 12-Bit A/D Converter 
with Microprocessor Interface 


CAUTION: 


Features 
Complete 12-Bit A/D Converter with Reference and 
Clock 
Full 8-, 12- or 16-Bit Microprocessor Bus Interface 
150ns Bus Access Time 
No Missing Codes Over Temperature 
Minimal Set-up Time for Control Signals 
25us Maximum Conversion Time: 


Low Noise, via Current-Mode Signal Transmission 

Between Chips 

Byte Enable/Short Cycle (Ag Input) 

>» Guaranteed Break-Before-Make Action, Eliminating 
Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 


improved Second Source for AD574A and HS574 
+12V to +15V Operation 


A pplications 


®@ Military and Industrial Data Acquisition Systems 
e Electronic Test and Scientific Instrumentation 
¢ Process Control Systems 


_ Pinouts 


Description 


The HI-574A is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 


Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
IC’s. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 20 + 1ys. 


The HI-574A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 


Power requirements are t+5V and +12V to £15V, with typi- 
cal dissipation of 385mW at £12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rel screen- 
ing including 160 hour burn-in, specify the “-8” suffix. For 
MIL-STD-883 compliant parts, request the HI-574A/883 
data sheet. 


SIDEBRAZE DIP 
TOP VIEW 


+5V SUPPLY Vigcic|[]1 
DATA MODE SEL 12/8[ } 2 
CHIP SEL, CS[]3 


READ/CONVERT, R/C[|5 
CHIP ENABLE, CE[]6 
+15V SUPPLY, Vcc L} 7 


+10V REF, REF OUT| {8 
ANALOG 
COMMON, AC 
REF INPUT, REF IN| | 10 
-15V SUPPLY, Veg| | 11 


BIPOLAR OFFSET 
Bir OFF U '2 


10VINPUT |] 13 
20VINPUT [] 14 


28] | STATUS, STS 
27] ]0B11 MSB 


DIGITAL 


DATA 


OUTPUTS 


16] | DBO LSB 
DIG COMMON, DC 


These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-574A 


HI-574A 


BIT OUTPUTS 


| ae ee ae a Ee Se ee ae es ee 
128 © 2 NIBBLE* A NIBBLE* B NIBBLE* C 
3 | 
cs oO ei 
A Ons a CONTROL cE . THREE-STATE BUFFERS AND CONTROL 
RC O > x 1 
CE O O Viosic 
POWER-UP RESET 15 D OIGITAL 
COMMON 
28 
O STS 
a C) Veco 
C) Vee 
10 
Veer IN © 
8 
Vaer OUT © 


9 12 14 13 
O O U @ 
ANALOG BIP. 20V 10V 
COMMON OFF INPUT INPUT 


“(“NIBBLE” IS A 4 BIT DIGITAL WORD.) 
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Specifications HI-574A 


(Typical @ +25°C with Vcc = +15V or +12V, Viocic = +5V, Vee = —15V or —12V unless otherwise specified) 
DC and Transfer Accuracy Specifications 


MODEL HI-574AJ | HI-574AK | HI-574AL UNITS 
Temperature Range -5 (0°C to +759C) 
Resolution (max 2 
Linearity Error 

25°C (max) +1 +1/2 +1/2 LSB 

0°C to +75°C (max) +1 +1/2 +1/2 LSB 
rueeer Linearity Error +4 + 1/2 LSBs 
oe resolution for which no missing codes is guaranteed) 12 12 49 Bits 

Tmin to Tmax "1 12 2 Bits 
1 


{ 
Unipolar Offset (max) 
(Adjustable to zero) +2 £1.5 + LSB 
3 


Bipolar Offset (max) Viny = OV (Adjustable to zero) 
VIN = -10V 


Full Scale Calibration Error 
25°C (max), with fixed 50 © resistor from 
REF OUT to REF IN (Adjustable to zero) 
Tmin to Tmax 

(No adjustment at +25°C) 
(With adjustment to zero at +25°C) 


Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset 


£0.15 1% of FS. 


% of FS. 
% of F.S. 


+0.20 
+£0.05 


LSB 
(ppm/°C) 
LSB 
(ppm/°C) 
LSB 
(ppm/°C) 


Bipolar Offset 


Full Scale Calibration 


Power Supply Rejection 
Max change in Full Scale Calibration 

+13.5V<Vcec<+16.5V or +11.4V<Vec<+12.6V 

+4,5V<Viocic<+5.5V 

—16.5V<Vee<—13.5V or —12.6V<Vee<—11.4V 


Analog Inputs 
Input Ranges 
Bipolar 


0 to +10 
0 to +20 


Unipolar 


Input Impedance 
10 Volt Span 
20 Volt Span 


Power Supplies 
Operating Voltage Range 


OK, + 25% 
10K, + 25% 


Viogic +4.5to +5.5 
Vcc +11.4to +16.5 
Vee —11.4 to -16.5 
Operating Current 
ILocic 7 TYP, 15 MAX mA 


Icc +15V Supply 11 TYP, 15 MAX 
lee -15V Supply 21 TYP, 28 MAX 


Power Dissipation 
+15V, +15V 515 TYP, 720 MAX mW 
+12V, +5V . 385 TYP mW 


Internal Reference Voltage, Tmin to Tmax +10.00 + 0.5 MAX 
Output current,’ 2.0 MAX 

available for external loads (External load 

should not change during conversion). 


1. When supplying an external load (not including the ADC) and operating on +12V supplies, a buffer amplifier must be provided for the Reference Output. 
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Specifications HI-574A 


(Typical @ +25°C with Veco = +15V or +12V, Viocic = +5V, Vee = —15V or —12V unless otherwise specified) 
DC and Transfer Accuracy Specifications 


MODEL HI-574AS | HI-574AT HI-574AU | UNITS 
Temperature Range ~2, -8 (55°C to +125°C) 


Resolution (max) 12 12 12 Bits 
Linearity Error 
25°C(max) +4 +1/2 +1/2 LSB 
0°C to +75°C(max) +4 +1 +] LSB 
meh ae Linearity Error | +1 +4 +1/2 LSB s 
(Maximum resolution for which no missing codes is guaranteed) Pan 
25°C Bits 
Tmin to Tmax Bits 
Unipolar Offset (max) 
(Adjustable to zero) LSB 
Bipolar Offset (max) Vijy = OV (Adjustable to zero) LSB 
VIN = -10V % of F.S. 
Full Scale Calibration Error 
25°C (max), with fixed 50 © resistor from 
REF OUT to REF IN (Adjustable to zero) % of FS. 
Tmin to Tmax 
(No adjustment at + 25°C) % Of FS. 
(With adjustment to zero at +25°C) —% of FS. 
Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset LSB 
(ppm/°C) 
Bipolar Offset LSB 
(ppm/°C) 
Full Scale Calibration LSB 
(ppm/°C) 
Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Veco<+16.5V or +11.4V<Vec<4+12.6V LSB 
+4,.5V<Viogic<+5.5V LSB 
—16.5V<Vee< —13.5V or —12.6V<Vee<—11.4V LSB 
Analog Inputs . 
Input Ranges 
Bipolar Volts 
| —10 to +10 Volts 
Unipolar 0 to +10 Volts 
0 to +20 Volts 


Input Impedance 
10 Volt Span 5K QO, + 25% Ohms 
20 Volt Span 10K 1, + 25% Ohms 


Power Supplies 
Operating Voltage Range 


VLosic +4.5to +5.5 
Vec +11.4to +16.5 
Vee —11.4 to —16.5 

Operating Current ere i 
ILocic : m 
Icc +15V Supply 11 TYP, 15 MAX mA 
lee -15V Supply 21 TYP, 28 MAX mA 

Power Dissipation 
+15V, +15V 
+12V, +5V m 


Internal Reference Voltage . Tmin to Tmax 
Output current available for external loads 
(External load should not change during 
conversion) 


515 TYP, 720 MAX mW 
385 TYP W 

+10.00 +.05 MAX Volts 
2.0 MAX mA 


eee 


4-38 


| 
| 


HI-574A 


DIGITAL CHARACTERISTICS' 
(ALL MODELS, OVER FULL TEMP. RANGE) 


Logic Inputs (CE, CS, R/C, AO, 12/8)’ 
Logic “1” 
Logic “0” 
Current 


Capacitance 


Logic Outputs (DB11-DBO, STS). 
Logic “0” (Isink — 1.6mA) 
Logic “1” (Isource — 500A) 
Leakage (High - Z State, DB11-DBO ONLY) ~ 
Capacitance 


1 See “HI-574A Timing Specifications’ for a detailed listing of digital timing parameters. ~ 


2 Although this guaranteed threshold is higher than standard TTL (_ +2.0V), bus loading is much less, i.e.,typical input current is only 0:25% of a TTL load... 


Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 


Vcc to Digital Common ...................00005 0 to +16.5V 
Vee to Digital Common ........... 0.0.2.0. eee 0 to —16.5V 
Viocic to Digital Common .............. 00. e eee eee 0 to +7V 
Analog Common to Digital Common .................... +1V 
Control Inputs (CE, CS, Ao, 12/8, R/C) to 

Digital Common ........ —0.5V to Viosic +0.5V 
Analog Inputs (REF IN, BIP OFF, 10Vin) to 


Analog Common ..............00006. +16.5V 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


0°C to +75°9C 
0°C to +750C 
09°C to +759C 
~55°C to +125°C 
-55°C to +125°C 
-559C to +125°C 
-55°C to +125°9C 
-559C to +1250C 
-559C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


HI1-574AJD-5 
HI1-574AKD-5 
HI1-574ALD-5 
Hi1-574ASD-2 
H!1-574ATD-2 
Hl1-574AUD-2 
HI1-574ASD/883 
HI1~574ATD/883 
Hit -574AUD/883 
HI4-574ASE/883 
HI4-574ATE/883 
HI4-574AUE/883 


+1LSB 
+0.5LSB 
+0.5 LSB 
+1LSB 
+0.5LSB > 
+0.5 LSB 
+1LSB 
+0.5LSB 
+0.5 LSB 
+1LSB 
+0.5 LSB 
+0.5LSB 


Definitions of Specifications 


LINEARITY ERROR 


Linearity error refers to the deviation of each individual code from a 
line drawn from “‘zero” through “‘full scale’. The point used as 
“zero” occurs YeLSB (1.22mV for 10 volt span) before the first code 
transition (all zeros to only the LSB “‘on’’). ‘‘Full scale” is defined as a 
level 1%2LSB beyond the last code transition (to all ones). The 
deviation of a code from the true straight line is measured from the 
middle of each particular code. 


The HI-574AK, AL, AT, and AU grades are guaranteed for maximum 
nonlinearity of +Y2LSB. For these grades, this means that an analog 
value which falls exactly in the center of a given code width will result 
in the correct digital output code. Values nearer the upper or lower 
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20Vin to Analog Common ............. cece cece eee +24V 
PROUD oc ats ea ahs crenata dita ecedgne g ee Indefinite short to common 

Momentary short to Vcc 
Junction Temperature .... 0.0... eee eee 175°C 
Lead Temperature, Soldering ..... eee re 300°C, 10 sec. 
Storage Temperature ............. 0000000. —65°C to + 150°C 


*Derate 20.8mW/9C above 759C 


28-Pin Ceramic Dip 


28-Pin Ceramic Dip 
28-Pin Ceramic Dip 
28-Pin Ceramic Dip 


28-Pin Ceramic Dip 


28-Pin Ceramic Dip 


28-Pin Ceramic Dip 


28-Pin Ceramic Dip 


28-Pin Ceramic Dip 

44-Pin Ceramic LCC 
44-Pin Ceramic LCC 
44-Pin Ceramic LCC 


transition of the code width may produce the next upper or lower 
digital output code. The HI-574AJ and AS grades are guaranteed to 
+1LSB max error. For these grades, an analog value which falls 
within a given code width will result in either the correct code for that 
region or either adjacent one. 

Note that the linearity error is not user-adjustable. 


DIFFERENTIAL LINEARITY ERROR 
(NO MISSING CODES) 


A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must have a 
finite width. For the HI-574AK, AL, AT, and AU grades, which 


HI-574A 


HI-574A 


HI-574A 


Definitions of Specifications (Continued) 


guarantee no missing codes to 12-bit resolution, all 4096 codes must 


| --be present over the entire operating temperature ranges. The 


HI-574AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 


_ of the upper 11 bits must be present; in practice very few of the 12-bit 


codes are missing. 


UNIPOLAR OFFSET | | 
The first transition should occur at a level LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 


transition from that point. This offset can be adjusted as discussed 


on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera- 
ture, with or without external adjustment. 


BIPOLAR OFFSET 


Similarly, in the bipolar mode, the major carry transition (0111 1111 
1111 to 1000 0000 0000) should occur for an analog value “2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 


FULL SCALE CALIBRATION ERROR 

The last transition (from 1111 1111 1110to 11111111 1111) should occur 
for an analog value 1¥2LSB below the nominal full scale (9.9963 volts for 
10.000 volts full scale). The full scale calibration error is the deviation of 
the actual level at the last transition from the ideal level. This error, whichis 


_ typically 0.05 to 0.1% of full scale, can be trimmed out as shown in Figures 


2 and 3. The full scale calibration error over temperature is given with and 
without the initial error trimmed out. The temperature coefficients for each 
grade indicate the maximum change in the full scale gain from the initial 


value using the internal 10 volt reference. 


Applying the HI-574A 


For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing.on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS 


Layout — 

Unwanted, parasitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect A/D converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 


The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 


In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 


Power Supplies 
Supply voltages to the HI-574A (+15V, —15V and +5V) must be 


“quiet” and well regulated. Voltage spikes on these lines can affect 


TEMPERATURE COEFFICIENTS 


The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at Tmin or Tmax. 


POWER SUPP.Y REJECTION 


The standard specifications for the HI-574A assume use of +5.00 and 
+15.00 or +12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. . 


CODE WIDTH 


A fundamental quantity for A/D converter specifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 10 volts for a 12-bit ADC. 


QUANTIZATION UNCERTAINTY 


Analog-to-digital converters exhibit an inherent quantization 
uncertainty of +¥LSB. This uncertainty is a fundamental charac- 
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 


LEFT-JUSTIFIED DATA 


The data format used in the HI-574A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to ee - This implies a binary point to the left of the 
MSB. 


the converter’s accuracy, causing several LSB’s to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure ‘‘quiet’” DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to-counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (VLocic supply), one from pin 7 to 9 
(Vcc to Analog Common) and one from pin 11 to 9 (Vee to Analog 


- Common). For each capacitor pair, a 10F tantalum type in parallel 
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with a 0.1,.F ceramic type is recommended. 


Ground Connections 


The typical HI-574A ground currents are 5.5mADC into pin 9 (Analog 
Commonjand 7mADC out of pin 15 (Digital Common).'These pins should be 
tied together at the package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to (usually) the +5V Logic Common. 
If the converter.is located some distance from the system's “single point” 
ground, make only these connections to pins 9.and 15: Tie them together at 
the package, and back to the system ground with a single path. This path 
should have low resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Vcc, Vee and Viogic terminals, but not 
through the HI-574A's Analog Common or Digital Common). 


HI-574A 


ANALOG SIGNAL SOURCE 


The device chosen to drive the HI-574A analog input will see a 
nominal load of 5KQ (10V range) or 10KQ (20V range). However, the 
other end of these input resistors may change +400mvV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 1.65 
intervals. This requires low output impedance and fast settling by the 
signal source. 


The output impedance of an op amp, for example, has an open loop 
value which, in a closed loop, is divided by the loop gain available at a 
frequency of interest. The amplifier should have acceptable loop gain 
at 600KHz for use with the HI-574A. To check whether the output 
properties of a signal source are suitable, monitor the 574A’s input 
(pin 13 or 14) with an oscilloscope while a conversion is in progress. 
Each of the twelve disturbances should subside in one microsecond 
or less. (The comparator decision is made about 1.5,2S after each 
code change from the SAR). 


If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
HI-574A in the manner described above. These will require an 


additional wideband buffer amplifier to lower their output impedance. 


A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was designed for use with the HI-574A. 


STS 28 
HIGH BITS 
24-27 
MIDDLE BITS 
20-23 


OFFSET 
Ri 
100K 


-15V OWA —O.:_ +15 


LOW BITS 
16-19 


6 CE 


REF IN 


REF OUT 


BIP OFF 


1 


+5V 


0TO+10V 


anatoc © 
INPUTS 


0TO +20V 


10ViN +15V 7 


14 20Vin* -15V 11 


ANA COM 15 


DIG COM 


FIGURE 2. UNIPOLAR CONNECTIONS 


*When driving the 20V (pin 14) input, minimize capacitance on pin 13. 
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RANGE CONNECTIONS AND CALIBRATION PROCEDURES 


The HI-574A.is a ‘‘complete’’ A/D converter, meaning it is fully 
Operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 


Whether controlled by a processor or operating in the stand-alone 
mode, the HI-574A offers four standard input ranges: OV to +10V, OV 
to +20V, +5V and +10V. The maximum errors for gain and offset 
are listed under Specifications. If required, however, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 


Unipolar Connections and Calibration — 


Refer to Fig. 2. The resistors shown” are for calibration of offset and - 


gain. If this is not required, replace R2 with a 500, 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connect the analog signal to pin 13 for the OV to 10V range, or 
to pin 14 for the OV to 20V range. Inputs to +20V (5V over the power 
supply) are no problem — the converter operates normally. 


Calibration consists of adjusting the converter’s most negative 
output to its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 


STS 28 


HIGH BITS 
24-27 


MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF 


+5V 1 


10V + 
ANALOG a yt 


INPUTS 6 


14 20Vin* -15V 11 


ANACOM ODIGCOM 15 


FIGURE 3 BIPOLAR INPUT CONNECTIONS 


HI-574A 


HI-574A 


HI-574A 


LSB. However, this approach is impractical because nothing 
“happens”’ at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 


For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all 0’s. To do this, 
apply an input of +1/2 LSB (+1.22mV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer R1 until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. . 


. Next, perform a Gain Adjust at positive full scale. Again, the ideal 


input corresponding to the last code change is applied. This is 1-1/2 
LSB’s below the nominal full scale (+9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 1111 1111 1110 and 1111 1111 1111. 


Bipolar Connections and Calibration — 


Refer to Figure 3. The gain and offset errors listed under Specifica- 
tions may be adjusted to zero using potentiometers R1 and R2”. If 


CONTROLLING THE HI-574A 


The HI-574A includes logic for direct interface to most microproces- 
sor systems. The processor may take full control! of each conversion, 
or the converter may operate in the ‘stand-alone’ mode, controlled 
only by the R/C input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 


INPUT BUFFERS 


READ CONTROL 


E0C13 


this isn’t required, either or both pots may be replaced by a 502, 1% 
metal film resistor. _—- ; 


Connect the Analog signal to pin 13 fora +5V range, orto pin 14 fora 
+10V range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., —4.9988V for the +5V range, or - 
—9.9976V for the + 10V range). Adjust the offset potentiometer R1 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-1/2 LSB’s below positive full 
scale (+4.9963V for +5V range; +9.9927V for + 10V range). Adjust 
the Gain potentiometer R2 for flicker between codes 1111 1111 1110 
and 1117 1141 1111. 


* The 100© potentiometer R2 provides Gain Adjust for the 10V and 
20V ranges. In some applications, a full scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replace R2 by a 500, 1% metal film resistor. Then, to provide 
Gain Adjust for the 10.24V range, add a 2002 potentiometer in series 
with pin 13. For the 20.48V range, add a 5000 potentiometer in 
series with pin 14. po 


data when ready —choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format. The five control inputs are all TTL/CMOS- 
compatible: (12/8, CS, Ay, R/C and CE). Table 1 illustrates the use of 


_these inputs in controlling the converter’s operations. Also, a 


simplified schematic of the internal control logic is shown in Figure 4. 


NIBBLE B ZERO 
OVERRIDE 
= = : - NIBBLEA, B 
— D- as 
&. : > STATUS 
CURRENT STROBE 
CONTROLLED 
. OSCILLATOR CLOCK 


POWER UP 
RESET a ee ; RESET 


FIGURE 4. HI-574A CONTROL LOGIC 
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“Stand-Alone Operation’ 


The simplest control interface calls for a single control line connected 
to R/C. Also, CE and 12/8 are wired high, CS and Ao are wired low, and 
the output data appears in words of 12 bits each. 


HI-574A 


The R/C signal may have any duty cycle within (and including) the extremes 
shown in Figures 5 and 6. In general, data may be read when R/C is high 
unless STS is also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed below under 
“Stand-Alone Mode Timing.” 


STS 


DB11-DB DATA 
DBO VALID DATA VALID 


FIGURE 5. LOW PULSE FOR R/C — OUTPUTS ENABLED AFTER CONVERSION 


STS | 
tor gee Oe 
toor 
D0B11-DBO HIGH-Z HIGH-Z 
DATA VALID 


FIGURE 6. HIGH PULSE FOR R/C— OUTPUTS ENABLED WHILE R/C 
HIGH, OTHERWISE HIGH-Z 


STAND-ALONE MODE TIMING 


[ema [rannweren Twn [eT naar 


Low R/C Pulse Width 

STS Delay From R/C 

Data Valid After R/C Low 

STS Delay After Data Valid ae 1200 
High R/C Pulse Width 150 

Data Access Time 150 


Time is measured from 50% level of digital transitions. Tested with a SOpF and 3kN load. 
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Conversion Length 

A Convert Start transition (see Table 1) latches the state of Ao, which 
determines whether the conversion continues for 12 bits (Ag low) or stops 
with 8 bits (Ay high). If all 12 bits are read following an 8 bit conversion, the 
three LSB’s will read zero andDB3 willread'ONE .Ap islatched because it is 
also involved in enabling the output buffers (see “Reading the Output Data”). 
No other contro! inputs are latched. 


ay 
— 
o 


None 
None 
Initiate 12 bit conversion 
Initiate 8 bit conversion 
Initiate 12 bit conversion 
Initiate 8 bit conversion 
Initiate 12 bit conversion 
Initiate 8 bit conversion 
Enable 12 bit Output 
Enable 8 MSB’s Only 
Enable 4 LSB’s Plus 4 
Trailing Zeroes 


TABLE 1 
Truth Table for HI-574A Control Inputs. 


_ Conversion Start 


Aconversion may be initiated as shown in Table 1 by a logic transition 
on any of three inputs: CE, CS or R/C. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
HI-574A Timing Specifications, Convert mode. 


0 
X 
A, 
A 
1 
1 
1 
1 
1 
1 
1 


cocccee oo+%/Bl 


an, 
OO <<< & x KX OK iS 
[==] 


This variety of HI-574A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Figure 7. 


The output signal STS indicates status of the converter by going high 
only while a conversion is in progress. While STS is high, the output 


CE thes — 
tssc 
ts 
(| 
tsrc rae tise 
ve 
f| 
jee] tu 
: cg 
tsac = 
fac 


tose te 


HIGH IMPEDANCE 
DB11-DB0 


FIGURE 7. CONVERT START TIMING 


OPERATION 


buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if Ao changes 
state after a conversion begins, an additional Start Convert signal will 
latch the new state of Ao, possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 


Reading the Output Data 

The output data buffers remain in a high impedance state until four 
conditions are met: R/C high, STS low, CE high and CS low. At that 
‘time, data lines become active according to the state of inputs 12/8 
and Ao. Tim.g constraints are illustrated in Figure 8. 


The 12/8 input will be tied high or low in most applications, though it 
is fully TTL/CMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12 or 16 bit data bus. 
The Ao input is ignored. 


_With 12/8 low, the output is organized in two 8 bit bytes, selected one atatime 
by Ao. This allows an 8 bit data bus to be connected as shown in Figure 9. Apis 
usually tied to the least significant bit of the address bus, for storing the 
HI-574A output in two consecutive memory locations. (With Ap low, the 8 
MSB’s only are enabled. With Ay high, 4 MSB’s are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB’s are enabled). This two byte format is 
considered “left justified data”, for which a decimal (or binary!) point is 
assumed to the left of byte 1: 


BYTE 1 BYTE 2 
2 X X X X X X X XI {|X X X X 0 0 0 0 
MSB LSB 


Further, Ao may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in, 
Figure 9 will never be enabled at the same time. 

A read operation usually begins after the conversion is complete and 


STS is low. For earliest access to the data however, the read should 
begin no later than (top + tus) before STS goes low. See Figure 8. 


GE 

7 E 

; én © 
\ 


7 tis ; ——e| tho 
HIGH DATA 
, too = 


b. 


FIGURE 8. READ CYCLE TIMING 
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<x 
Timing Specifications +25°C Unless Otherwise Specified N. 
Te) 
; a 
Symbol Parameter Min Typ Max Units a 
Convert Mode 
tose STS Delay from CE 200 ns 
tHEC CE Pulse width 50 ns 
tssc CS to CE Setup 50 ns 
tHsc CS Low during CE High 50 ns 
tsrc R/C to CE Setup 50 ns 
tHRc R/C Low during CE high 50 ns 
tsac Ao to CE Setup 0 ns 
tHac Ao Valid during CE high 50 ns 
te Conversion time, 12 bit cycle T min to T max 15 20 25 The) 
8 bit cycle T min to T max 10 13 17 ps 
Read Mode 
top Access time from CE 75 150 ns 
tHD Data Valid after CE low 25 ns 
tHL Output float delay 100 150 ns 
tssr CS to CE setup 50 ns 
tsrR R/C to CE setup 0 ns 
tsar Ao to CE setup 50 ns 
tHSR CS valid after CE low 0 ns 
tHRR R/C high after CE low 0 ns 
{HAR Ao valid after CE low 50 ns 
tus STS delay after data valid 300 1200 ns 


NOTE: Time is measured from 50% level of digital transitions. Tested with a S5OpF and 3kQ load. 


ADDRESS BUS 


STS 


DB11(MSB) 


DATA 


BUS 
HI-574A 

DBO (LSB) 

DIG. 

COM. 

FIGURE 9 INTERFACE TO AN 8 BIT DATA BUS 
DIE CHARACTERISTICS 
Transistor Count 1117 Thermal Constants; Oja 48°C/W 
Die Size: Analog 204 x 104 mils Ajc 15°C/W 
Digital 158 x 84 mils Process: Bipolar — DI and 


CMOS - JI 
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HI-674A4 


12us, Complete 12-Bit A/D Converter 
with Microprocessor Interface 


HI-674A 


CAUTION: 


Features 
Complete 12-Bit A/D Converter with Reference and 
Clock 
Full 8-, 12- or 16-Bit Microprocessor Bus Interface 
150ns Bus Access Time 
No Missing Codes Over Temperature 
Minimal Set-up Time for Control Signals 
15us Maximum Conversion Time 


Low Noise, via Current-Mode Signal Transmission 

Between Chips . . 

Byte Enable/Short Cycle (Ago Input) 

>» Guaranteed Break-Before-Make Action, Eliminating 
Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

Faster Version of the HI-574A 

Same Pinout as the HI-574A 


+12V to +15V Operation 


Applications 


© Military and Industrial Data Acquisition Systems 
e Electronic Test and Scientific Instrumentation 
e Process Control Systems 


Pinout 


Description 


The HI-674A is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 


Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
IC’s. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 12 + 1ys. 


The HI-674A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 


trimmed for minimum temperature coefficient. 


Power requirements are +5V and +12V to +15V, with typi- 
cal dissipation of 385mW at £12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rel screen- 
ing including 160 hour burn-in specify the “-8” suffix. For 
MIL-STD-883 compliant parts, request the HI-674A/883 
data sheet. 


CERAMIC DIP 
TOP VIEW 


+5V SUPPLY VigGic| }1 
DATA MODE SEL 12/8[} 2 


CHIP SEL, CS[]3 
BYTE ADDR/SHORT 
CYCLE, Ag 
READ/CONVERT, R/C[]5 


CHIP ENABLE, CE[|6 
+15V SUPPLY, Vec [| 7 


+10V REF, REF OUT| | 8 


ANALOG (1 
COMMON, Ac L| 9 


REF INPUT, REF IN| | 10 
-15V SUPPLY, Veg[ | 11 


BIPOLAR OFFSET 
BIP OFF 4 '2 


1OVINPUT [] 13 
20VINPUT [] 14 


28] | STATUS, STS 
27[] D811 MSB 


DIGITAL 


HI-674A 


DATA 


OUTPUTS 


16{ | DBO LSB 
15| ] DIG COMMON, DC 


These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 


4-46. 


HI-674A 


Block Diagram 


HI-674A 


BIT OUTPUTS 


O Voosic 


ee ee es es es ee ee ee ee ee ee 
128 O-~ NIBBLE* A NIBBLE* B NIBBLE* C 
cs oO 3 3 
ie 4 7 |  contror THREE-STATE BUFFERS AND CONTROL 
5 LOGIC 
6 
POWER-UP RESET 
| _POWER-UP RESET | Salen 
COMMON 


28 
O STS 
OSCILLATOR -~ 


ek 
a aaa 
te eee 


15 


~ 


Vec 
C) Vee 


Vance IN © 


Vacr OUT © 


9 12 14 13 
O O O O 
ANALOG BIP. 20V 10V 
COMMON OFF INPUT INPUT 


*(“NIBBLE” IS A 4 BIT DIGITAL WORD.) 
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Specifications HI-674A 


(Typical @ +25°C with Vec = +15V or +12V, Viosic = +5V, Vee = —15V or —12V unless otherwise specified) — 
DC and Transfer Accuracy Specifications 


{ MODEL ‘HI-674AJ | HI-674AK ‘HI-GTAAL UNITS 
Temperature Range | -5 ( 0°C to +759C ) 


Resolution (max) | | 12 Bits 


Linearity Error 
25°C (max) +1 +4/2 +1/2 
0°C to +75°C (max) +] +1/2 +1/2 
Differential Linearity Error +1 +1 | 1/2 
250C 
(Maximum resolution for which no missing codes is guaranteed) . 
259C 12 12 12 
Tmin to Tmax 11 12 12 Bits 


Unipolar Offset (max) | 
(Adjustable to zero) +2 $1.5 
+4 +4 LSB 
+0.15 +0.1 ve % of F.S. 


Bipolar Offset (max) Vin = OV (Adjustable to zero) 
+0.25 +0.15 


VIN = -10V 


Full Scale Calibration Error 
25°C (max), with fixed 50 © resistor from 
REF QUT to REF IN (Adjustable to zero) 
Tmin to Tmax 

(No adjustment at +25°C) 

(With adjustment to zero at +25°C) 


Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset 


+0.375 +0.20 
0.05 


Bipolar Offset 
(ppm/°C) 
LSB 

(ppm/°C) 


Full Scale Calibration 


Power Supply Rejection 
Max change in Full Scale Calibration 


+13.5V<Vec<+16.5V or +11.4V<Veco<+12.6V LSB 
+4.5V<Viocic<+5.5V LSB 
— 16.5V<Vee<—13.5V or —12.6V<Vee<—11.4V LSB 
Analog Inputs 
Input Ranges 
Bipolar Volts 


—10 to +10 


0to +10 
0 to +20 


Unipolar 


Input Impedance 
10 Volt Span 
20 Volt Span 


Power Supplies 
Operating Voltage Range 


OK, + 25% 
10K, + 25% 


Viosic +4 5to +5.5 

Vec +11.4to +16.5 

Vee —11.4to —16.5 

Operating Current 

ILocic 7 TYP, 15 MAX mA 

Icc +15V Supply 11 TYP, 15 MAX mA 

lee -15V Supply 21 TYP, 28 MAX mA 
Power Dissipation 

+12, +5V 385 TYP mW 
Internal Reference Voltage , Tmin to Tmax +10.00 +.05 MAX te 
Output current available for external loads 2.0 MAX m 


(External load should not change during 
conversion) 


4-48 


Specifications HI-674A 


(Typical @ +25°C with Vec = +15V or +12V, Viocic = +5V, Vee = —15V or —12V unless otherwise specified) 
DC and Transfer Accuracy Specifications 


MODEL HI-674AS | HI-674AT HI-674AU | UNITS 
Temperature Range -2, -8 (55°C to +125°C) 
Resolution (max) 12 12 12 Bits 
Linearity Error 
25°C(max) +1/2 +1/2 LSB 
0°C to +75°C(max) +] +1 LSB 
meh Linearity Error +4 41/2 LSBs 
(Maximum resolution for which no missing codes is guaranteed) , 
250C 12 12 Bits 
Tmin to Tmax 12 12 Bits 


Unipolar Offset (max) 
(Adjustable to zero) 


Bipolar Offset (max) Vin = OV (Adjustable to zero) 
Vin = -10V 


LSB 


LSB 
% of F.S. 


Full Scale Calibration Error 
25°C (max), with fixed 50 © resistor from 
REF OUT to REF IN (Adjustable to zero) 


Tmin to Tmax 
(No adjustment at +25°C) 
(With adjustment to zero at +25°C) 


Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset 


% of FS. 


% of F.S. 
% of FS. 


LSB 
(ppm/°C) 


Bipolar Offset 


Full Scale Calibration 


Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Veco< +16.5V or +11.4V<Vec<+12.6V 
+4.5V<Viosice<+5.5V 
—16.5V<Vee<—13.5V or —12.6V<Vee<—11.4V 


Analog Inputs 
Input Ranges 
Bipolar 


Oto +10 
0 to +20 


Unipolar 


Input Impedance 


10 Voit Span 5K, + 25% 
20 Volt Span 10K 2, + 25% 
Power Supplies 
Operating Voltage Range 
Viocic +4.5 to +5.5 
Vec +11.4 to +16.5 
Vee —11.4 to —16.5 
Operating Current 
ILocic 7 TYP, 15 MAX 
Icc +15V Supply 11 TYP, 15 MAX 
lee -15V Supply 21 TYP, 28 MAX 


Power Dissipation 


+15V, +15V 515 TYP, 720 MAX 
£12V, +5V 385 TYP 


Internal Reference Voltage, Tmin to Tmax +10.00 +.05 MAX 
Output current available for external loads 2.0 MAX 
(External load should not change during 
conversion) 
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HI-674A 


HI-674A 


Digital Specifications! (All Models, Over Full Temperature Range) 


Logic Inputs (CE, CS, R/C, AO, 12/8)’. 
Logic “1” 
Logic “0” 
Current 


Capacitance - 


Logic Outputs (DB11-DB0, STS) 
Logic “0” (Isink — 1.6mA) 
Logic “1” (Isource — 500uA) = 
Leakage (High - Z State, DB11-DBO ONLY) 
Capacitance 


1 See “HI-674A Timing Specifications’for a detailed listing of-digital timing parameters. 


Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 


Vcc to Digital Common .....................005 0 to +16.5V 
Vee to Digital Common ...................0000- 0 to —16.5V 
Vioeic to Digital Common ....................0008. 0 to +7V 
Analog Common to Digital Common .................... +1V 


Control Inputs (CE, CS, As, 12/8, R/C) to 


Digital Common ........ —0.5V to Viocic +0.5V 


Analog Inputs (REF IN, BIP OFF, 10Vin) to 
Analog Common ........ AOC eee eres +16.5V:. 


Ordering Information~ 


PART NUMBER TEMPERATURERANGE | PACKAGE 


! 
| at LSBO 0°C to +75°C 28 Pin Ceramic DIP 
HI1-674AKD-5 +0.5LSB 0°C to +75°C 28 Pin Ceramic DIP 


HI1-674AJD-5 


+1 LSB 


Definitions of Specifications 


LINEARITY ERROR 


Linearity error refers to the deviation of each individual code from a 
line drawn from ‘‘zero”’ through ‘‘full scale’. The point used as 
“zero” occurs YeLSB (1.22mV for 10 volt span) before the first code 
transition (all zeros to only the LSB “‘on’’). ‘Full scale” is defined as a 
level 1%2LSB beyond the last code transition (to all ones). The 
deviation of a code from the true straight line is measured from the 
middle of each particular code. 


The HI-674AK, AL, AT, and AU grades are guaranteed for maximum 
nonlinearity of +¥LSB. For these grades, this means that an analog 
value which falls exactly in the center of a given code width will result 
in the correct digital output code. Values nearer the upper or lower 


| 
Puneraasorees | a1tsa | _-ss0ct0+12806 | 28 PinGeramico | 
Trn-evaaubyess | sosise | _-ss0cio+12s0¢ | 28PinGeramicoP | 


2 Although this guaranteed threshold is higher than standard. TTE:(+2.0V), bus‘loading is much less, i.e., typical input current is only 0.25% of a.TTL load. 


20Vin to Analog Common ............. 0.0.0 c eee +24V 
PEP OQU. gic icee £5 dead Raed gale ws Indefinite short to common 

Momentary short to Vcc 
Junction Temperature kee eee eee eee eee 1759C 
Lead Temperature, Soldering ............... .. 300°C, 10 sec. 
Storage Temperature ..................... —65°C to +150°C 


transition of the code width may produce the next upper or lower 
digital output code. The HI-674AJ and AS grades are guaranteed to 
+1LSB max error. For these grades, an analog value which falls 
within a given code width will result in either the correct code for that 
region or either adjacent one. 

Note that the linearity error is not user-adjustable. 


DIFFERENTIAL LINEARITY ERROR 
(NO MISSING CODES) 


A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must have a 
finite width. For the HI-674AK, AL, AT, and AU grades, which 
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Definitions of Specifications (Continued) 


guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over the entire operating temperature ranges. The 
HI-674AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 


UNIPOLAR OFFSET 

The first transition should occur at a level “LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera- 
ture, with or without external adjustment. 


BIPOLAR OFFSET 

Similarly, in the bipolar mode, the major carry transition (0111 1111 
1111 to 1000 0000 0000) should occur for an analog value “2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 


FULL SCALE CALIBRATION ERROR 


The last transition (from 1111 11111110 to 11111111 1111) should occur for 
an analog value 1'%LSB below the nominal full scale (9.9963 volts for 10.000 
volts full scale). The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in Figures 2 and 3. 
The full scale calibration error over temperature is given with and without the 
initial error trimmed out. The temperature coefficients for each grade indicate 
the maximum change in the full scale gain from the initial value using the 
internal 10 volt reference. 


Applying the HI-674A 


' For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS 


Layout — 

. Unwanted, parasitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect A/D converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 


The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 


In general, Sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 


Power Supplies 


Supply voltages to the HI-674A (+15V, —15V and +5V) must be 
‘quiet’ and well regulated. Voltage spikes on these lines can affect 
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TEMPERATURE COEFFICIENTS 


The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at Tmin or Tmax. 


POWER SUPPLY REJECTION 


The standard specifications for the HI-674Aassume use of + 5.00 and 
+15.00 or +12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. 


CODE WIDTH 


A fundamental quantity for A/D converter specifications is the code 
width. This is defined as the range of analog input values for which a 


given digital output code will occur. The nominal value of a code 


width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 10 volts for a 12-bit ADC. 


QUANTIZATION UNCERTAINTY 


Analog-to-digital converters exhibit an inherent quantization 
uncertainty of + %LSB. This uncertainty is a fundamental charac- 
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 


LEFT-JUSTIFIED DATA 


The data format used in the HI-674A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to ee . This implies a binary point to the left of the 
MSB. 


the converter’s-accuracy, causing several LSB’s to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure ‘‘quiet’’ DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (Viocic supply), one from pin 7 to 9 
(Vcc to Analog Common) and one from pin 11 to 9 (Vee to Analog 
Common). For each capacitor pair, a 10F tantalum type in parallel 
with a 0.12F ceramic type is recommended. 


Ground Connections 


The typical HI-674A ground currents are 6mADC into pin 9 (Analog 
Ground) and 3mADC out of pin 15 (Digital Common). These pins 
should be tied together at the package to guarantee specified 
performance for the converter. In addition, a wide PC trace should 
run directly from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is located some 
distance from the system’s ‘‘single point’ ground, make only these 
connections to pins 9 and 15: Tie them together at the package, and 
back to the system ground with a single path. This path should have 
low resistance since it will carry about 3mA of DC current. (Code 
dependent currents flow in the Vcc, Vee and Vioeic terminals, but not 
through the HI-674A's Analog Common or Digital Common). 
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ANALOG SIGNAL SOURCE 


The device chosen to drive the HI-674A analog input will see a 
nominal load of 5KQ (10V range) or 10KQ (20V range). However, the 
other end of these input resistors may change +400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 950:nS 
intervals. This requires low output impedance and fast settling by the 
signal source. 


The output impedance of an op amp, for example, has an open loop value 
which, in a closed loop, is divided by the loop gain available at a frequency of 
interest. The amplifier should have acceptable loop gain at 1MHz for use with 
the HI-674A. To check whether the output properties of a signal source are 
suitable, monitor the 674A's input (pin 13 or 14) with an oscilloscope while a 
conversion is in progress. Each of the twelve disturbances should subside in 
one half microsecond or less. (The comparator decision is made about 850 
nS after each code change from the SAR). 


If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
HI-674A in the manner described above. These will require an 
additional wideband buffer amplifier to lower their output impedance. 
Asimpler solution is to use the Harris HA-5320 Sample/Hold, which 
was designed for use with the HI-674A. 


HI-674A 


STS 28 
HIGH BITS 
24-27 
MIDDLE BITS 
20-23 


2 12/8 
3 cs 


4 Ao 


5 R/C 


OFFSET 
R1 LOW BITS 
100K 6 CE 16-19 


REF IN 


REF OUT 


+5V 


BIP OFF 


10VIN +15V 7 


14 20Vin* -15V 11 
0 TO +20V 


ANA COM DIG COM 


FIGURE 2. UNIPOLAR CONNECTIONS 


*When driving the 20V (pin 14) input, minimize capacitance on pin 13. 


RANGE CONNECTIONS AND CALIBRATION PROCEDURES 


The HI-674A is a ‘‘complete” A/D converter, meaning it is fully 
operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 


Whether controlled by a processor or operating in the stand-alone 
mode, the HI-674A offers four standard input ranges: OV to + 10V, OV 
to +20V, +5V and +10V. The maximum errors for gain and offset 
are listed under Specifications. If required, however, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 


Unipolar Connections and Calibration — 


Refer to Fig. 2. The resistors shown* are for calibration of offset and 
gain. If this is not required, replace R2 with a 500, 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connect the analog signal to pin 13 for the OV to 10V range, or 
to pin 14 for the OV to 20V range. Inputs to +20V (5V over the power 
supply) are no problem — the converter operates normally. 


Calibration consists of adjusting the converter’s most negative 
output to its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 


HI-674A 
12/8 STS 28 


HIGH BITS 
24-27 


MIDOLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF 
+5V 


10VIN +15V 7 


ANALOG 
INPUTS G 


_ 20Vin* -15V 11 


ANACOM ODIGCOM 15 


FIGURE 3 BIPOLAR INPUT CONNECTIONS 
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LSB. However, this approach is impractical because nothing 
“happens” at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 


For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all 0’s. To do this, 
apply an input of +1/2 LSB (+1.22mvV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer R1 until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 


Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB’s below the nominal full scale (+9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 1111 1111 1110 and 1111 1111 1111. 


Bipolar Connections and Calibration — 


Refer to Figure 3. The gain and offset errors listed under Specifica- 
tions may be adjusted to zero using potentiometers R1 and R2*. If 


CONTROLLING THE HI-674A 


The HI-674A includes logic for direct interface to most microproces- 
sor systems. The processor may take full control of each conversion, 
or the converter may operate in the ‘stand-alone’ mode, controlled 
only by the R/C input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 


INPUT BUFFERS 


a 


Ao LATCH 


E0C13 


this isn’t required, either or both pots may be replaced by a 502, 1% 
metal film resistor. 


Connect the Analog signal to pin 13 fora +5V range, or to pin 14 fora 
+10V range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., —4.9988V for the +5V range, or 
—9.9976V for the +10V range). Adjust the offset potentiometer R1 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-1/2 LSB’s below positive full 
scale (+4.9963V for +5V range; +9.9927V for +10V range). Adjust 
the Gain potentiometer R2 for flicker between codes 1111 11111110 
and 1111 11411 1111. 


* The 1000 potentiometer R2 provides Gain Adjust for the 10V and 
20V ranges. In some applications, a full scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replace R2 by a 502, 1% metal film resistor. Then, to provide 
Gain Adjust for the 10.24V range, add a 2002 potentiometer in series 
with pin 13. For the 20.48V range, add a 5002 potentiometer in 
series with pin 14. 


data when ready — choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format. The five control inputs are all TTU/CMOS- 
compatible: (12/8, CS, Ao, R/C and CE). Table 1 illustrates the use of 
these inputs in controlling the converter’s operations. Also, a 
simplified schematic of the internal control logic is shown in Figure 4. 


NIBBLE B ZERO 
ee - F = > NIBBLEA, B 
a mel NIBBLE C 
STATUS 
CURRENT STROBE 
CONTROLLED 
OSCILLATOR CLOCK 


POWER UP 
RE 


SET fae > , RESET 


FIGURE 4. HI-674A CONTROL LOGIC 
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“Stand-Alone Operation” | 


The simplest control interface calls for a single control line connected 
to R/C. Also, CE and 12/8 are wired high, CS and Ao are wired low, and 
the output data appears in words of 12 bits each. 


The R/C signal may have any duty cycle within (and including) the extremes 
shown in Figures 5 and 6. In general, data may be read when RIC is high 
unless STS is also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed below under 
“Stand-Alone Mode Timing.” 


tint 
AE | 
| tos | 
STS 


te 
an ths 


FIGURE 5. LOW PULSE FOR R/C — OUTPUTS ENABLED AFTER CONVERSION 


sTS . | 


te 


DB11-DBO HIGH-Z (ona wu HIGH-Z 


FIGURE 6. HIGH PULSE FOR R/C—OUTPUTS ENABLED WHILE R/C 
HIGH, OTHERWISE HIGH-Z 


STAND-ALONE MODE TIMING 


Sueno | _eannmeren au {roe ya ons 


Low R/C Pulse Width 

STS Delay From R/C 

Data Valid After R/C Low 
STS Delay After Data Valid 
High R/C Pulse Width 
Data Access Time 


Time is measured from 50% level of digital transitions. Tested with a SOpF and 3k2 load. 
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Conversion Length 


A Convert Start transition (see Table 1) latches the state of Ao, which 
determines whether the conversion continues for 12 bits (Ag low) or stops 
with 8 bits (Ap high). If all 12 bits are read following an 8 bit conversion, the 
three LSB’s will read zero andDB3 will read ONE. Ap is latched because it is 
also involved in enabling the output buffers (see “Reading the Output Data’). 
No other control inputs are latched. 


[GE | CS | vc | 12/8 | Ao 
X X X 


X 


OPERATION 


None 
None 

Initiate 12 bit conversion 
Initiate 8 bit conversion 
Initiate 12 bit conversion 
Initiate 8 bit conversion 
Initiate 12 bit conversion 
Initiate 8 bit conversion 
Enable 12 bit Output 
Enable 8 MSB’s Only 
Enable 4 LSB’s Plus 4 
Trailing Zeroes 


TABLE 1 
Truth Table for H!l-674A Control Inputs. 


Conversion Start 


Aconversion may be initiated as shown in Table 1 by a logic transition 
on any of three inputs: CE, CS or R/C. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
HI-674A Timing Specifications, Convert mode. 


ee ee an) 
TODOCCEEOCO= 
+-~--=4€4€0000-x 
COO ms KK OK OK OK OK OX 
=-Ox=-0-0-0x 


This variety of HI-674A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Figure 7. 


The output signal STS indicates status of the converter by going high 
only while a conversion is in progress. While STS is high, the output 
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FIGURE 7. CONVERT START TIMING 
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buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if Ao changes 
state after a conversion begins, an additional Start Convert signal will 
latch the new state of Ao, possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 


Reading the Output Data 

The output data buffers remain in a high impedance state until four 
conditions are met: R/C high, STS low, CE high and CS low. At that 
time, data lines become active according to the state of inputs 12/8 
and Ao. Timing constraints are illustrated in Figure 8. 


The 12/8 input will be tied high or low in most applications, though it 
is fully TTL/CMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12 or 16 bit data bus. 
The Ao input is ignored. 


With 12/8 low, the outputis organized in two 8 bit bytes, selected one at atime 
by Ao. This allows an 8 bit data bus to be connected as shown in Figure 9. Apis 
usually tied to the least significant bit of the address bus, for storing the 
HI-674A output in two consecutive memory locations. (With Ag low, the 8 
MSB's only are enabled. With Ay high, 4 MSB’s are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB’s are enabled). This two byte format is 
considered “left justified data”, for which a decimal (or binary!) point is 
assumed to the left of byte 1: 


BYTE 1 BYTE 2 
of X X X X X X X Xy{X X X X 0 0 0 0 
MSB LSB 


Further, Ao may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in 
Figure 9 will never be enabled at the same time. 


A read operation usually begins after the conversion is complete and 
STS is low. For earliest access to the data however, the read should 
begin no later than (too + tus) before STS goes low. See Figure 8. 
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FIGURE 8. READ CYCLE TIMING 
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Timing Specifications +25°C Unless Otherwise Specified 


Symbol 


Convert Mode 


tosc 
thec 
tssc 
thsc 
tsrc 
tHRC 
tsac 
tHAC 
te 


Read Mode 


top 
th 
tHL 
tssr 
tsar 
tsar 
tusr 
tHAR 
tHAR 
tus 


NOTE: 


Parameter : Min 
STS Delay from CE 
CE Pulse width | 50 
CS to CE Setup : 50 
CS Low during CE High. 50 
R/C to CE-Setup . 50 
R/C Low during CE high . 50 
Ao to CE Setup 0 
Ao Valid during CE high 50 
Conversion time, 12 bit cycle T min to T max 9 
8 bit cycle:-T minto Tmax 6 


Access time from CE 


Data Valid after CElow 25 
Qutput float.delay 

CS to CE setup 50 
R/C to CE setup 0 
Ao to CE setup 50 
CS valid after CE low 0 
R/C high after CE low 0 
Ao valid after CE low . 50 
STS delay after data-valid 25 


Time is measured from 50% level of digital transitions. Tested with a SOpF and 3kQ load. 


ADDRESS BUS 
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DB11 (MSB) 
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FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 


Die Characteristics 


Transistor Count 
Die Size; Analog 


Digital 


Typ 


DATA 
BUS 


48°C/W 


1117 Thermal Constants; 0; 
204 x 104 mils Oe 15°C/W 
158 x 84 mils Process . Bipolar-DI 
CMOS-JI 
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Max 


200 


850. 


Gg? HARRIS 


Hi-774 


8us, Complete 12-Bit A/D Converter 
With Microprocessor Interface 


Features 
¢ Complete 12 Bit A/D Converter With Reference and 
Clock 
Digital Error Correction 
Full 8-, 12-, or 16-Bit Microprocessor Bus Interface 
150ns Bus:Access Time 
No Missing Codes Over: Temperature 
Minimal Setup Time For Control Signals: 
9us Maximum Conversion Time Over. Temperature 


Low Noise, Via Current-Mode Signal Transmission 
between Chips. 


Byte Enable/Short Cycle (Ag Input) 


> Guarantees break-before-make action, eliminating | 


bus contention during read operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 


Faster Version of the HI-574A and HI-674A 
Same Pinout as H!-574A and HI-674A 
+12V.to +15V Operation . 


Applications 


© Industrial Data Acquisition Systems 
° Electronics Test and Scientific Instrumentation. 


e Process Control Systems 


Pinout 


Description. 


The HI-774 is a complete 12 bit Analog-to-Digital Conver- 
ter, including a +10V reference clock, three-state outputs 
and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28-pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, whch provides enhanced AC performance and 
freedom from latch-up. The digital die features the Smart 
SAR (SSAR™), which includes a digital error correction 
circuit. 


Custom design of each IC (bipolar and CMOS digital) has 
yielded improved performance over existing versions of 
this converter. The voltage comparator features high 
PSRR plus a high speed current-mode latch, and provides 
precise decisions down to 0.1 LSB of input overdrive. 
More than 2X reduction in noise has been achieved by: 
using current instead of voltage for transmission of all sig- 
nals between the analog and digital IC’s. Also, the clock 
oscillator is current controlled for excellent stability over 
temperature. 


The HI-774 offers standard unipolar and bipolar input 


ranges, laser trimmed for specified linearity, gain and off- 
set accuracy. The low noise buried zener reference circuit 
is trimmed for minimum temperature coefficient. 


Power requirements are +5V and +12V to -15V, with 
typical dissipation of 390mW at +12V. All models are 
packaged in a 28 pin Ceramic Sidebrazed DIP. 


SIDEBRAZE DIP 
TOP VIEW 


+5V SUPPLY, VLoGicLj1 
DATA MODE SELECT, 12/8(] 2 
CHIP SELECT, CSL] 3 
BYTE ADDR/SHORT CYCLE, Ag[] 4 
READ/CONVERT, R/CL] 5 
CHIP ENABLE, CE[] 6 
+12V/+15V SUPPLY, Vec{]7 
+10V REFERENCE OUTL]8 
ANALOG common [] 9 
REFERENCE INPUT LJ 10 
-12V/-15V SUPPLY, VegeL] 11 
BIPOLAR OFFSET, BIP OFFL[ J 12 
10V INPUT[] 13 
20V INPUTL] 14 


28|_JSTATUS, STS 
271_JDB11 MSB 


DIGITAL 
DATA 
OUTPUTS 


16]|_JDBO LSB 
15{_JDIGITAL COMMON 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Block Diagram 


BIT OUTPUTS 


27| 26] 25] 24) 23] 22] 291 201 19] 18] 171 16 


128 O-2 NIBBLE* A NIBBLE* B  NIBBLE* C 
6 o3 1 
C) a ; 
ao bie —= THREE-STATE BUFFERS AND CONTROL 
AC O : iz | 
CE © 15 O Voosic 
OQ DIGITAL 
COMMON 
28 
O STS 


™ 
OSCILLATOR . i 
tt STROBE | 
a Saar 


7 
ANALOG CHIP ae A rr C) Vec 
C) Vee 
10 
Veer IN © DAC 
10K 
8 
Var OUT O 
E i 
+10V g 7 
TT] ] 
= 


9 12 14 13 
@ C) @ C) 
ANALOG BIP, 20V 10V 
COMMON OFF INPUT INPUT 


“(NIBBLE” 1S A 4 BIT DIGITAL WORD.) 


Die Characteristics 


TAGNSISIOR COUN wccct cess suscdisia eis iaciceaaAieite ea nedsadntebeselan 2117 
Die Dimensions 
PM AIOG ate cicecaeeteneteton Aeheeestnieeneee 204 x 104 mils 
PDI QING scosettunisnvetsieiecnayenssesen thanaadl Coy, etsa ie 200 x 82 mils 
PROCOSS wicks tistsaveccecestedeavnccaServsevns Bipolar-DI and CMOS-JI 
Thermal Constants (°C/W) fia 6jc 
47 14 
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Specifications HI-774 


(Typical @ +25°C with Vcc = +15V or +12V, Viocic = +5V, Vee = —15V or —12V unless otherwise specified) 


DC and Transfer Accuracy Specifications 
MODEL 

Temperature Range 

Resolution (max) 


Linearity Error 
25°9C(max) 
O°C to +75°C(max) 


(Maximum resolution for which no missing codes is guaranteed) 
25°C 
Tmin to Tmax 
Unipolar Offset (max) 
(Adjustable to zero) 


Bipolar Offset (max) Vin = OV (Adjustable to zero) 
VIN = -10V 


Full Scale Calibration Error 
25°C (max), with fixed 50 Q resistor from 
REF OUT to REF IN (Adjustable to zero) 


Tmin to Tmax 
(No adjustment at +25°C) 
(With adjustment to zero at +25°C) 


Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset 


Bipolar Offset 


Full Scale Calibration 


Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vece< +16.5V or +11.4V<Vee<+12.6V 
+4.5V<Viocice< +5.5V 
—16.5V<Vee<—13.5V or —12.6V<Vee<—11.4V 


Analog Inputs 
Input Ranges 
Bipolar 


Unipolar 


Input Impedance 
10 Volt Span 
20 Volt Span © 


Power Supplies 
Operating Voltage Range 
Viocic 
Vcc 
Vee 


Operating Current 
lLocic 
Icc +15V Supply 


lee -15V Supply 


Power Dissipation 
+15V, +15V 
+12V, +5V 


internal Reference Voltage. Tmin to Tmax 
Output current available for external loads 
(External load should not change during 
conversion) 
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HI-774J 


12 


HI-774K | HI-774L | UNITS 
~5 (09°C to +759C) 
12 12 Bits 
+ 1/2 +1/2 LSB 
+1/2 +1/2 LSB 
12 12 Bits 
12 2 | Bits 
$1.5 +4 LSB 
+4 +3 LSB 
+0.1 +0.1 (OFFS. 
% of FS. 
% of FS. 
% of FS. 


0 to +10 
Oto +20 


5K, + 25% 
10K, + 25% 


+4.5to +5.5 
+11.4to +16.5 
—11.4 to —16.5 
7 TYP, 15 MAX mA 
11 TYP, 15 MAX mA 
21 TYP, 28 MAX mA 
515 TYP, 720 MAX mW 
385 TYP mW 
+10.00 + 0.05 MAX Volts 
2.0 MAX mA 
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HI-774 


Specifications H!l-774 


(Typical @ +25°C with Vec = +15V or +12V, Viocic = +5V, Vee = —15V or —12V unless otherwise specified) 
DC and Transfer Accuracy Specifications | 


MODEL HI-7748 | HI-774T | HI-774u| UNITS 


Temperature Range -2, -8 (55°C to +125°C) 
Resolution (max) |) 2 |e Bits 
Linearity Error 
25°C(max) . + +1/2 LSB 
0°C to +75°C(max) +4 +1 LSB 
| LSBs 
(Maximum resolution for which no missing codes Is guaranteed) F 
259°C 11 12 Bits 
Tmin to Tmax 11 12 Bits 
Unipolar Offset (max) © 
(Adjustable to zero) +2 +2 | LSB 
Bipolar Offset (max) Vix = OV (Adjustable to zero) £4 LSB 
VIN = ~10V : +0.1 % of F.S. 
Full Scale Calibration Error 
29°C (max), with fixed 50 © resistor from 
REF OUT to REF IN (Adjustable to zero) ; +£0.25 % ofFS. 
Tmin to Tmax 
(No adjustment at +25°C) : +0.50 % Of FS. 
(With adjustment to zero at +25°C) +0.25 % of FS. 
Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset LSB 
Bipolar Offset LSB 
Full Scale Calibration LSB 
Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vec<+16.5V or +11.4V<Vec<+12.6V LSB 
+4.5V<Viosic< +5.5V LSB 
—16.5V<Vee<—13.5V or —12.6V<Vee<—11.4V LSB 


Analog Inputs 
Input Ranges 
Bipolar 


~10 to +10 


0 to +10 
0 to +20 


Unipolar 


Input Impedance 
10 Volt Span 
20 Volt Span 


Power Supplies 
Operating Voltage Range 


5K 2, + 25% 
10K 0, + 25% 


Viosic +4,5to +5.5 

Vcc +11.4 to +16.5 

Vee —11.4 to —16.5 
Operating Current 

ILocic 7 TYP, 15 MAX 


11 TYP, 15 MAX 
21 TYP, 28 MAX 


Icc +15V Supply 
lee -15V Supply 


Power Dissipation 


515 TYP, 720 MAX 


+15V, +15V 

£12V, +5V 385 TYP 
Internal Reference Voltage , Tmin to Tmax +10.00 + 0.05 MAX 

Output current available for external loads 2.0 MAX 


(External load should not change during 
conversion) 
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Specificatio 


Digital Specifications (All Models, Over Full Temperature Ra 


Logic Inputs (CE, CS, R/C, Ao, 12/8) 
Logic “1” 
Logic “O” 
Current 
Capacitance 


Logic Outputs (DB11-DBO, STS) 


Logic “0” (ISjINK — 1.6mA) 

Logic “1” (ISQURCE — 500”A) 

Logic “1” (ISQURCE — 104A) 
Leakage (High Z State, DB11-DB0O only) 

Capacitance 


ns HI-774 


nge) 


0 


CONVERT MODE 


STS Delay From CE 

CE Pulse Width 

CS to CE Setup 

CS Low During CE High 

R/C to CE Setup 

R/C Low During CE High 
Ag to CE Setup 

Ag Valid During CE High 


Conversion time, 12 bit Cycle Tmin to Tmax (-5) 


8 bit Cycle Tmin to Tmax 


(-5) 


12 bit Cycle Tmin to Tmax (-2) 


8 bit Cycle Tmin to Tmax 


Access Time From CE 
Data Valid After CE Low 
Output Float Delay 

CS to CE Setup 

R/C to CE Setup 

Ao to CE Setup 

CS Valid After CE Low 
R/C High After CE Low 
Ao Valid After CE Low 
STS Delay After Data Valid 


(-2) 


NOTE: Time is measured from 50% level of digital transitions, except High Z output conditions which are measured at the 10% or 


90% point. 


Absolute Maximum Ratings = (Specifications apply 


VCC to: Digital Common. cxiiccinindiodcsteznice. 0 to +16.5V 
VEE to Digital COMMON ......... eects eeeettees 0 to -16.5V 
VLOGIC to Digital COMMON ....... cece 0 to +7V 
Analog Common to Digital Common ..............0+ +1V 
Control! Inputs (CE, CS, Ao, 12/8, R/C) to 

Digital Common ......... eee -0.5V to VLOGIC +0.5V 
Analog Inputs (REF IN, BIP OFF, 10V)jy) to 

Analog: COMMON vicsssieasiscsccvectescecsscs dkecasasvetivasts +16.5V 
ZOVIN to Analog COMMON ..........ccccceeeseesssssesssssaneeees +24V 
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to all grades, except where noted) 


PEE COU nsseccatinhedd oceravisetas Indefinite short to common 

Momentary short to Vcc 
JUNCTION TEMPEratUre ......... ee ceccceccssssssseeeseeeeeeess +1750C 
Lead Temperature, Soldering .................. 3009C, 10 sec. 
Storage Temperature .........ccccecessceeees -659C to +1509C 


HI-774 


HI-774 


HI-774 


Definitions of Specifications 


Linearity Error 


Linearity error refers to the deviation of each individual 
code from a line drawn from “zero” through “full scale”. 
The point used as “zero occurs LSB (1.22mvV for 10 volt 
span) before the first code transition (all zeros to only the 
LSB ‘“‘on”). “Full scale” is defined as a level 1142LSB beyond 
the last code transition (to all ones). The deviation of a 
code from the true straight line is measured from the 
middle of each particular code. 


The HI-774K and L, grades are guaranteed for maximum 


nonlinearity of +/LSB. For these grades, this means that 
an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code. 
Values nearer the upper or lower transition ‘of the code 
width may produce the next upper or lower digital output 
code. The HI-774J grade is guaranteed to +1LSB max 
error. For this grade, an analog value which falls within a 
given code width will result in either the correct code for 
that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 
Differential Linearity Error (No Missing Codes) 


A specification which guarantees no missing codes 
requires that every combination appear in a monotonic 
increasing sequence as the analog input level is 
increased. Thus every code must have a finite width. For 
the HI-774 K and L grades which guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temerature ranges. The HI-774J 
grade guarantees no missing codes to 11-bit resolution 
over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few 
of the 12-bit codes are missing. 


Unipolar Offset 


The first transition should occur at a level “LSB above 
analog common. Unipolar offset is defined as the 
deviation of the actual transition from that point. This 
offset can be adjusted as discussed on the following 
pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over 
temperature, with or without external adjustment. 


Bipolar Offset 


Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur for an 
analog value “%LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over 
temperature. 


Full Scale Calibration Error 


The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1%LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the . 
actual level at the last transition from the ideal level. This 
error, which is typically 0.05 to 0.1% of full scale, can be 
trimmed out as shown in Figures 2 and 3. The full scale 
calibration error over temperature is given with and 
without the initial error trimmed out. The temperature 


- coefficients for each grade indicate the maximum change 


in the full scale gain from the initial value using the 
internal 10 volt reference. 


Temperature Coefficients 


The temperature coefficients for full-scale calibration, 


_unipolar offset, and bipolar offset specify the maximum 


change from the initial (25°C) value to the value at Tmin 
or Tmax. 


Power Supply Rejection 


The standard specifications for the HI-774 assume use of 
+5,00 and £15.00 or +12.00 volt supplies. The only effect 
of power supply error on the performance of the device 
will be asmall change in the full scale calibration. This will 
result in a linear change in all lower order codes. The 
specifications show the maximum change in calibration 
from the initial value with the supplies at the various limits. 


Code Width 


A fundamental quantity for A/D converter specifications 
is the code width. This is defined as the range of analog 
input values for which a given digital output code will 
occur. The nominal.value of acode width is equivalent to 1 
least significant bit (LSB) of the full scale range or 2.44mV 
out of 10 volts for a 12-bit ADC. 


Quantization Uncertainty 


Analog-to-digital converters exhibit an inherent quanti- 
zation uncertainty of +%LSB. This uncertainty is a 
fundamental characteristic of the quantization process 
and cannot be reduced for a converter of given resolution. 


Left-Justified Data 


The data format used in the HI-774 is left-justified. This 
means that the data represents the analog input as a frac- . 
tion of full-scale, ranging from 0 to . This implies a 
binary point to the left of the MSB. 
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Applying the HI-774 


For each application of this converter, the ground con- 
nections, power supply bypassing, analog signal source, 
_ digital timing and signal routing on the circuit board must 
be optimized to assure maximum performance. These 
areas are reviewed in the following sections, along with 
basic operating modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 


Layout— 


Unwanted, parasitic circuit components, (L, R,andC) can 
make 12 bit accuracy impossible, even with a perfect A/D 
converter. The best policy is to eliminate or minimize 
these parasitics through proper circuit layout, rather than 
try to quantify their effects. 


The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to- 
point wiring on vectorboard, will have an unpredictable 
effect on accuracy. 


In general, sensitive analog signals should be routed 
between ground traces and kept well away from digital 
lines. If analog and digital lines must cross, they should do 
so at right angles. 


Power Supplies 


Supply voltages to the HI-774 (+15V, -15V and +5V) must 
be “quiet” and well regulated. Voltage spikes on these 
lines can affect the converter’s accuracy, causing several 
LSB’s to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are espe- 
cially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure “quiet” DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage 
terminal is necessary to counter the effect of variations in 
supply current. Connect one pair from pin 1 to 15 (VLOGIC 
supply), one from pin 7 to 9 (Vcc to Analog Common) and 
one from pin 11 to 9 (VEE to Analog Common). For each 
capacitor pair, a 10uF tantalum type in parallel with a 0.1uF 
ceramic type is recommended. 


Ground Connections 


The typical HI-774 ground currents are 6mADC into pin 9 
(Analog Common) and 3mADC out of pin 15 (Digital 
Common). These pins should be tied together at the 
package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly 
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from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is 
located some distance from the system's “single point” 


ground, make.only these connections to pins 9 and 15: Tie - 


them together at the package, and back to the system 
ground with a single path. This path should have low 
resistance since it will carry about 3mA of DC current. 
(Code dependent currents flow in the VCC, VEE and 
VLOGIC terminals, but not through the HI-774’s Analog 
Common or Digital Common). 


ANALOG SIGNAL SOURCE 


The device driving the HI-774 analog input will see a 
nominal load of 5KQ (10V range) or 10KQ (20V range). 
However, the other end of these input resistors may 
change as much as £400mV with each bit decision. These 
input disturbances are caused by the internal DAC 
changing codes which causes a glitch on the summing 
junction. This creates abrupt changes in current at the 
analog input causing a “kick back” glitch from the input. 
Because the algorithm starts with the MSB, the first 
glitches will be the largest and get smaller as the 
conversion proceeds. These glitches can occur at 350ns 
intervals so an op-amp with a low output impedance and 
fast settling is desirable. Ultimately, the input must settle 
to within the window of figure 1 at the bit decision points 
in order to achieve 12 bit accuracy. 


The HI-774 differs from the most high-speed successive 
approximation type ADC's in that it does not require a 
high performance buffer or sample and hold. With error 
correction the input can settle while the conversion is 
underway, but only during the first 4.8us. The input must 
be within +0.76% of the final value when the MSB decision 
is made. This occurs approximately 650ns after the 
conversion has been initiated. Digital error correction 
also loosens the bandwidth requirements of the buffer or 


sample and hold. As long as the input “kick back” © 


disturbances settle within the window of figure 1 the 
device will remain accurate. The combined effect of 
settling and the “kick back’ disturbances must.remain in 
the figure 1 window. 


If the design is being optimized for speed, the input device 
should have a closed loop bandwidth to 3MHz, and alow 
output impedance (calculated by dividing the open loop 
output resistance by the open loop gain). If the 
application requires a high speed sample and hold the 
Harris HA-5330 or HA-5320 are recommended. 


In any design the input (pin 13 or 14) should be checked 
during a conversion to make sure that the input stays 
within the correctable window of figure 1. 
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DIGITAL ERROR CORRECTION 


The HI-774. features the smart sucessive approximation 
register (SSAR™). which includes digital error correction. 
This has the advantage of allowing the initial input to-vary 
within a+31 to -32LSB window about the final value. The 
input can move during the first 4.8us, after which it must 
remain stable within +“%LSB. With this feature a conver- 
sion can start before the input has settled completely; 
however, it must be within the window as described in 
Figure 1. 


The conversion cycle starts by making the first 8-bit 
decisions very quickly, allowing the internal DAC to settle 
only to 8-bit accuracy. Then the converter goes through 
two error correction cycles. At this point the input must be 
stable within +/2LSB. These cycles correct the 8-bit word 
to 12-bit accuracy for any. errors made (up to +16 or -32 
bits). This is up one count or down two counts at 8-bit 


32 


ALLOWABLE INPUT CHANGE 
(LSB’s AT 12 BIT RESOLUTION) 


CONVERSION INITIATED 


BIT DECISION POINTS 


resolution. The converter then continues to make the 
4LSB decisions, settling out to 12-bit accuracy. The last 
four bits.can adjust the code in the positive direction by up 
to 15 bits. This results in a total correction range of +31 to 


- -32 bits. When an 8-bit conversion is performed, the input 


must settle to within +%LSB at 8 bit resolution (which 


‘equals +8 bits at 12-bit resolution). 


With the HI-774 a conversion can be initiated before the 
input has completely settled, as long as it meets the 
constraints of the Figure 1 window. This allows the user to 
start conversion up to 4.8us earlier than with a typical 
analog to digital converter. A_ typical successive 
approximation type ADC must have a constant input 
during a conversion because once a bit decision is made it 
is locked in and cannot change. 


8 BIT CONVERSION 
‘~ 


Ly 
A 
‘ 
‘ 


+1/2LSB 


cer 
Sus | ast Bit 


END OF 


DECISION CONVERSION 
“(12 BIT) (12 BIT) 
12 BIT CONVERSION 
5 6 7 8 


TIME (ys) 


FIGURE 1. HI-774 ERROR CORRECTION WINDOW VS. TIME 


STS . 28 
HIGH BITS 
24-27 
MIDDLE BITS 
"20-23 


5 R/C 


OFFSET 
R1 LOW BITS 
100K 6 =6CE 16-19 


-15V O-"WW—0: #15 


REF IN 


REF OUT 


+5V 1 


BIP OF F 


10ViIN +15V 7 


20ViN * -15V 11 
0TO +20V 


ANACOM ODIGCOM 


FIGURE 2. UNIPOLAR CONNECTIONS 


*When driving the 20V (pin 14) input, minimize capacitance on pin 13. 


STS 28 


HIGH BITS 
24-27 


MIDDLE BITS 
20-23 


LOW BITS 
16-19 


~ REF IN 


REF OUT 


BIP OFF 
+5V 


+15V 7 


13 10V 
ANALOG e 


INPUTS © 


20Vin* -15V. 11 


ANACOM DIG COM 


FIGURE 3. BIPOLAR INPUT CONNECTIONS 
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RANGE CONNECTIONS.AND CALIBRATION 
PROCEDURES 


The Ht-774 is a “complete” A/D converter, meaning it is 
fully operational with addition of the power supply 
voltages, a Start Convert signal, and a few external 
components as shown in figures 2 and 3. Nothing more is 
required for most applications. 


Whether controlled by a processor or operating in the 
stand-alone mode, the HI-774 offers four standard input 
ranges: OV to +10V, OV to +20V, +5V and £10V. The maxi- 
mum errors for gain and offset are listed under Specifica- 
tions. If required, however, these errors may be adjusted 
to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 


Unipolar Connections and Calibration— 


Refer to figure 2. The resistors shown” are for calibration 
of offset and gain. If this is not required, replace R2 witha 
500, 1% metal fiim resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog sig- 
nal to pin 13 for the OV to 10V range, or to pin 14 for the OV 
to 20V range. Inputs to +20V (5V over the power supply) 
are no problem—the converter operates normally. 


Calibration consists in adjusting the converters’s most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in 
principle, one is settling the output with respect to the 
midpoint of an increment of analog input, as denoted by 
two adjacent code changes. Nominal value of an incre- 
ment is one LSB. However, this approach is impractical 
because nothing “happens” at a midpoint to indicate that 
an adjustment is complete. Therefore, calibration is per- 
formed in terms of the observable code changes instead 
of the midpoint between code changes. 


Controlling the HI-774 


The HI-774 includes logic for direct interface to most 
microprocessor systems. The processor may take full 
control of each conversion, or the converter may operate 
in the “stand-alone” mode, controlled only by the R/C 
input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading 
the output data when ready—choosing either 12 bits at 
once or 8 followed by 4, in a left-justified format. The five 
control inputs are all TTL/CMOS- compatible: (12/8, CS, 
Ag, R/C and CE). Table 1 illustrates the use of these inputs 
in controlling the converter’s operations. Also, a simpli- 
fied schematic of the internal control logic is shown in 
Figure 4. 


For example, midpoint of the first LSB increment should 
be positioned at the origin, with an output code of all 0’s. 
To do this, apply an input of +Z2LSB (+1.22mvV for the 10V 
range; +2.44mV for the 20V range). Adjust the Offset 
potentiometer R1 until the first code transition flickers 
between 0000 0000 0000 and 0000 0000 0001. 


Next, perform a Gain Adjust at positive full scale. Again, 
the ideal input corresponding to the last code change 
is applied. This is 1/%LSB’s below the nominal full scale 
(+9.9963V for 10V range; +19.9927V for 20V range). Adjust 
the Gain potentiometer R2 for flicker between codes 1111 
1111 1110 and 1111 1111 1111. 


Bipolar Connections and.Calibration— 


Refer to Figure 3. The gain and offset errors listed under 
Specifications may be adjusted to zero using potenti- 
ometers Ri and R2”. If this isn’t required, either or both 
pots may be replaced by a 500, 1% metal film resistor. 


Connect the Analog signal to pin 13 fora +5V range, or to 
pin 14 for a +10V range. Calibration of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage ’2LSB above negative full 
scale (i.e., -4.9988V for the +5V range, or -9.9976V for the 
+10V range). Adjust the offset potentiometer R1 for 
flicker between output codes 0000 0000 0000 and 0000 
0000 0001. Next, apply a DC input voltage 1“%LSB’s below 
positive full scale (+4.9963V for +5V range; +9.9927V for 
+10V range). Adjust the Gain potentiometer R2 for flicker 
between codes 1111 1111 1110 and 1111 1111 1111. 


*The 1002 potentiometer R2 provides Gain Adjust for the 


10V and 20V ranges. In some applications, a full scale of 


10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. For these, replace R2 by a 500, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2002 potentiometer in series with pin 
13. For the 20.48 range, add a 5000 potentiometer in 
series with the pin 14. 


“Stand-Alone Operation” 


The simplest control interface calls for a single control 
line connected to R/C. Also, CE and 12/8 are wired high, 
CS and Ag are wired low, and the output data appears in 
words of 12 bits each. 


The R/C signal may have any duty cycle within (and 
including) the extremes shown in Figures 5 and 6. In 
general, data may be read when R/C is high unless STS is 
also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed 
in the “Stand-Alone Mode Timing” chart. 
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HI-774 


HI-774 


ae NIBBLE 8 ZERO 
Been OVERRIDE 
’ ie ee. 2) NIBBLE A, B 
~ INPUT BUFFERS ae 


NIBBLEC 


he i 0 a) READ CONTROL 


STATUS 


CF) Y 


CURRENT STROBE 
CONVERT CONTROLLED 
OSCILLATOR CLOCK 


WATCHOOG 


TIMER me ee. RESET 


Ao LATCH 


FIGURE 4. HI-774 CONTROL LOGIC 


STS 


DB11-D80 OATA VALID DATA VALID 


FIGURE 5. LOW PULSE FOR R/C—OUTPUTS ENABLED AFTER CONVERSION 


DATA VALID 


FIGURE 6. HIGH PULSE FOR R/C—OUTPUTS ENABLE WHILE R/C HIGH, OTHERWISE HIGH-Z 


Stand-Alone Mode Timing 


Low R/C Pulse Width 

STS Delay from R/C 

Data Valid After R/C Low 
STS Delay After Data Valid 
High R/C Pulse Width 
Data Access Time 
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Conversion Length 


A Convert Start transition (see Table 1) latches the state of 
Ao, which determines whether the conversion continues 
for 12 bits (Ag low) or stops with 8 bits (Ag high). If all 12 
bits are read following an 8 bit conversion, the last three 
LSB’s will read zero and DB3 will read ONE. Ao is latcned 
because it is also involved in enabling the output buffers 
(see “Reading the Output Data”). No other control inputs 
are latched. 


TABLE 1 
TRUTH TABLE FOR HI-774 CONTROL INPUTS 


| ce | Cs 12/8 | Ao | OPERATION = 
0 X X X X | None 
X 1 X X X | None 
4 | 0 0 X 0 | Initiate 12 bit conversion 
4/10} 0 | X | 1 | Initiate 8 bit conversion 
1 v 0 X 0 | Initiate 12 bit conversion 
1 v 0 X 1 | Initiate 8 bit conversion 
1 0 v X 0 | Initiate 12 bit conversion 
1 0 v X 1 | Initiate 8 bit conversion 
1 0 1 1 X | Enable 12 bit Output 
1 0 1 0 0 | Enable 8 MSB’s Only 
1 0 1 0 1 | Enable 4 LSB’s Plus 4 


Trailing Zeroes 


Conversion Start 


A conversion may be initiated as shown in Table 1 by a 
logic transition on any of three inputs: CE, CS or R/C. The 
last of the three to reach the correct state starts the 
conversion, so one, two or all three may be dynamically 
controlled. The nominal delay from each is the same, and 
if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of 
conversion, the other two should be set up at least 50nS 
earlier, however. See the HI-774 Timing Specifications, 
Convert mode. 


This variety of HI-774 control modes allows a simple 
interface in most system applications. The Convert Start 
timing relationships are illustrated in Figure 7. 


cE tHEC —— 


'Ssc 


_ tsRc —> tHSC 
R/C 


STS 
“DSC. tc 
HIGH IMPEDANCE 


DB11-DB0 


FIGURE 7. CONVERT START TIMING 


DB11-DBO 


The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While 
STS is high, the output buffers remain in a high 
impedance state and data cannot be read. Also, an 
additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. 


Reading the Output Data 


The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high 
and CS low. At that time, data lines become active 
according to the state of inputs 12/8 and Ago. Timing 
constraints are illustrated in Figure 8. 


The 12/8 input will be tied high or low in most 
applications, though it is fully TTL/CMOS-compatible. 
With 12/8 high, all 12 output lines become active 
simultaneously, for interface to a 12 or 16 bit data bus. The 
Ao input is ignored. 


With 12/8 low, the output is organized in two 8 bit bytes, 


selected one at a time by Ao. This allows an 8 bit data bus © 


to be connected as shown in figure 9. Ag is usually tied to 
the least significant bit of the address bus, for storing the 


HI-774 output in two consécutive memory locations. - 


(With Ao low, the 8 MSB’s only are enabled. With Ag high, 
4 MSB’s are disabled, bits 4 through 7 are forced low, and 
the 4 LSB’s are enabled). This two byte format is 
considered “left justified data’, for which a decimal (or 
binary!) point is assumed to the left of byte 1: 


BYTE 1 BYTE 2 
n X X X X X X X X} |X X X KX 0 0 0 | 
MSB LSB 


Further, Ag may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed 
between the two data bytes, which assures that the 
outputs strapped together in Figure 9 will never be 
enabled at the same time. 


e pt 


h 
a) 


HIGH IMPEDANCE VALID 


<+—— top Paes eee 


FIGURE 8. READ CYCLE TIMING 


See HI-774 Timing Specifications for more information 
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HI-774 


A read operation usually begins after the conversion is | however, the read should begin no later than (tpp + tys) 
complete and STS is low. For earliest access to the data before STS goes low. See Figure 8. 


ADDRESS BUS 


DATA 
BUS 


DBO (LSB) 


DIG. 
COM. 


FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 
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Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 
HI1-774JD-5 +1LSB 0°C to +75°C 28 Pin Ceramic DIP 


HI1-774U/883 +0.5 LSB -55°9C to +1259C 44 Pin Ceramic LCC 
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GENERAL DESCRIPTION 


The Harris Hl-7151 is a high speed 10-bit A/D converter 
which uses a Two Step Flash algorithm to achieve through- 
put rates of 100 kHz. A unique switched capacitor technique 
allows a new input voltage to be sampled while a conver- 
sion is taking place. 

A Track and Hold amplifier is included on the chip, con- 
sisting of two high speed amplifiers and an internal hold 
capacitor. 

Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 


HI-7151 


10-Bit High Speed A/D Converter 


with Track & Hold 
FEATURES 


© 10 ws Conversion Time 

© 100 kHz Continuous Throughput Rate 

® No Offset or Gain Adjustments Necessary 

© Internal Track and Hold Amplifier 

®@ Analog and Reference Inputs Fully Buffered 

¢ uP Compatible Byte Organized Outputs 

® Low Power Consumption (150 mW) 

® Uses a Single 2.5V Reference for +2.5V Input Range 


digital three-state outputs are byte organized for interfacing APPLICATIONS 
to either 8- or 16-bit systems. An Over-Range pin, together e troll t ae t 
with the MSB, can be used to indicate an out-of-range con- ai ven rolleg ava neguisition oy stems 
ig ° vedic 

The HI-7151 operates with +5V supplies. A single + 2.5V —Sonar 


reference is required to provide a bipolar input range from 
—2.5V to +2.5V. 


Internal high speed CMOS buffers at both the analog and 
reference inputs simplify external drive requirements. 


ORDERING INFORMATION 


Linearity Temperature 
(Max. DLE) Range Package 


+1LSB 0°Cto+759C | 28PinPlastic DIP 
+1/2LSB 0°Cto+75°9C =| 28 PinPlastic DIP 


Part 
Number 


HI3-7151J-5 


® Process Control 
—Automotive Transducer Sensing 
—%Iindustrial 


® Robotics 
® Digital Communications 
© image Processing 


HI3-7151K-5 

HI3-7151A-9 +1LSB 0°C to+85°C | 28PinPlastic DIP 

HI3-7151B-9 | +1/2LSB | 0°Cto+85°C | 28 Pin Plastic DIP 

Hl1-7151S-2 +1LSB ]-55°Cto+125°C | 28 Pin Ceramic DIP 

HI1-7151T-2 +1/2LSB ]|-55°C to+125°C | 28 Pin Ceramic DIP iaiaees 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 


301673-002 
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HI-7151 
ABSOLUTE MAXIMUM RATINGS (Note 1) Storage Temperature Range........... —65°C to + 150°C 
Supply Voltage Lead Temperature (Soldering, 10 sec).............. 300°C 
V+ to Gnd (DG/AG/GND)...... —0.3V <Vt < +5.7V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
V- to Gnd (DG/AG/GND)...... —5.7V <V- < + 0.3V may cause permanent damage to the device. These are stress ratings only 


and functional operation of the device at these or any other conditions 


j — + 
Analog Input Pins ....... V 0.3V < Vina < V i + 0.3V above those indicated in the operational sections of the specifications is not 
Digital !/ O:P Ins ee a Eh ak ae DG — 0.3V < Vi/ o < Vt +0.3V implied. Exposure to absolute maximum rating conditions for extended peri- 
Power Dissipation (Note 2) ..............2.0 ee <500 mW ods may affect device reliability. 


Derate above 75°C at —10 mW/°C 

Operating Temperature Range 
FSF 191A29 6 suede Sachs ceaewaws aes 0°C to + 75°C 
PIBSRL VS IARD od ink Ue tein eaten sees — 40°C to + 85°C 


NOTE 1: Input voltages may exceed the supply voltage provided the input current is limited to +1 mA. 
2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


ELECTRICAL CHARACTERISTICS (Note 4) 
ACCURACY Vt = +5V,V~- = —5V, Vref = 2.50V, felk = 300 kHz, 50% duty cycle 


fmt | rem | a [wf 

owes Lime nw [ae fw [a 
a —— 
Li nea recrexre 


ar 

[sors [as 
ee 

[aie [ee 

ar 

Ts 

TT: 


REF 

AMP 

REF 
INVERT 


AG a 
(ANALOG) 
(GROUND) 

VIN 
(ANALOG) 

(INPUT) 


LATCHES AND 
OUTPUT BUFFERS 


CONTROL 
LOGIC 
POWER 
SUPPLY 
DISTRIBUTION 


14 
(DIGITAL GROUND) 


Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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HI-7151 


ELECTRICAL CHARACTERISTICS (Continued) 


DC CHARACTERISTICS 
Vt = 5V,V- = 


ANALOG INPUT 


Analog Input Range 
Analog Input Bias Current 
Analog Input Capacitance 


Reference Input Range 
Reference Input 
Bias Current 
Reference Input 
Capacitance 


RACK AND HOLD (See text) 


Slew Rate 

Bandwidth 

Aperture Time 
Aperture Uncertainty 
Feedthrough in HOLD 
Acauisition Time 


LOGIC INPUTS 


. Input High Voltage 
Input Low Voltage 
Logic Input Current 
Input Capacitance 


Output High Voltage 
Output Low Voltage 
Output Leakage Current 


Output Capacitance 


POWER SUPPLY VOLTAGE RANGE 


Functional Operation 4.5 5.5 4.5 4.5 5.5 
Only —4.5 —5.5 —4.5 —4.5 —5.5 


POWER SUPPLY REJECTION 


V+, V~- Gain Coefficient 
VOSVS | V+, V~- Offset Coefficient 


SUPPLY CURRENTS 
V+ Supply Current 
V- Supply Current 
GND Current 


DG Current 
AG Current 


NOTE 4: FSR.(Full Scale Range) = 


—5V, VReF 


Pr Parameter 


= 2.50V, Ta = +25°C, fclk = 300 kHz, 50% duty cycle, unless stated otherwise. 


Conditions 
(Note 4) 


Vrer = 2.50V 


Fin = 100 kHz 


Vin = OV, V+ 


loH = —200 pA 

lo. = 1.6mA ; 
RD = V+, Vour = Vt 
RD = V+, Vout = OV 
High-Z State 


= §V,V—- = —4.75V, —5.25V +0.1 +0.5 +0.6 +0.6 LSB 

= —5V,Vt =.4.75V, 5.25V +0.1 +0.5 +0.6 +0.6 

V+ = 5V,V- = +0.1 +0.5 +0.6 +0.6 LSB 
— = —5V,Vt +0.1 +605 +0.6 +0.6 


—4,75V, —5.25V 
= 4.75V, 5.25V 


Vt = 5V +10%, 
—5V +10% 

Vin = OV, Digital 

Outputs are Unloaded 


2 X.Vper (5.00V at Varr = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88 mV at Vaer = 2.50V). 


5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
6: Only Vos and GAIN ERROR functionality tested at 2.2V and 2.6V. 
7: Guaranteed by functionality test. 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC CHARACTERISTICS 

V+ = 5V +10%, V~ = —5V £10%, Vrer = 2.50V,,Ta = +25°C, fclk = 300 kHz, 50% duty cycle, 
C. = 100 pF (including stray for DO-D9, OVR, HOLD, BUSY), unless stated otherwise 


Conditions 


Symbol! . Parameter (Note 11) 


1 


= Atck + 0.9 


Slow Memory Mode 
Conversion Time 


tcyc Continuous Throughput 


tek CLOCK Period 1/fclk 


ie hed 
50 


290 
Po 
an 

as 
Pa 
Pos 
= 


HOLD to DATA change 


RD LO to Active 


RD HI to Inactive 


at 
HBE to DATA a 
CS to DATA i 
tbusy RD to BUSY = 
Rise Time 


Fall Time 


NOTE 8: Slow memory mode timing. 


* 9: Fast memory or DMA mode of operation, except the first conversion which is equal to tconv. 

10: Maximum specification to prevent multiple triggering with WR. 

11: All input drive signals are specified with tr = tf < 20 ns and shall swing from Vj —0.4V to Vip +0.4V for all timing specifications. A signal is considered 
to change state as it crosses a 1.4V threshold (except trd & trx). 

12: tr and tf load is Ci = 100 pF (including stray capacitance) to DG and is measured from the 10-90% point. 

13: trd is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High-Z to Voy is measured with 
Ry =-2.5 kM and C_ = 100 pF (including stray) to DG. High-Z to Vo, is measured with Ry = 2.5 kN to Vt and C_ = 100 pF (including stray) to DG. 

14: trx is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. Voy to High-Z is measured with Ry 
= 2.5 kM and C, = 10 pF (including stray) to DG. Vo, to High-Z is measured with R_ = 2.5 kN to Vt and C, = 10 pF (including stray) to DG. 


NOTE: All typical values have been characterized but are not tested. 
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TIMING DIAGRAMS 


SMODE=V*, BUS=V*, HBE=V* OR DG tex 
0 1 2 3 4 5 6 
CLOCK . 
cs 
WR 


HOLD TRACK N TRACK N41 


baw 
miter 
Wier N DATA 


-_ 
- “wrd | 
tousy ia 


BUSY nD & & @ SS GEEETED & @ GEESE? & @ @ © GED © @ GEESE & & GED 


- tog 


DATA N DATA 


t 


conv 


0436-6 
Figure 3A: Slow Memory Mode (16-Bit Data Bus) 
SMODE =DG, BUS = DG 
0 1 2 3 4 5 6 7 
CLOCK 
ae i tog 

cs 

== _ tsps rere 

WR (WR may be wired low) 

‘yoo tent 1 [ tekhe 
ar HOLD N + HOLD N#2 
HOLD TRACK N , TRACK N+1 ieee TRACK N#2 TRACK N#3. 
tpaTa 

aA N DATA N+1 DATA 

RD 

HBE (HBE/LBE) tg 

: 
ene 
DATA 
High 4 Low High Low 
N x —*4 Ne? KE 
0436-4 


Figure 3B: Fast Memory Mode (8-Bit Data Bus) 


Note: With SMODE = DG, internal logic disables the output latches form being updated during a READ operation. 


NOTE: All typical values have been characterized but are not tested. 
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TIMING DIAGRAMS (Continued) 
SMODE=V* : RD, WR, AND CS =DG 


CLOCK 


HOLD HOLD N+1 HOLD N#2 
TRACK N TRACK N+14 TRACK N#2 


DATA N=1 DATA N DATA N+1 DATA 


BUSY 


DATA N=1 DATA N DATA N+1 DATA 


0436-5 


Figure 3C: DMA Mode 


NOTE: All typical values have been characterized but are not tested. 
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Table 1: Pin Description 


|Pin| Name | Description 
| 2 | V-__| Negative supply voltage input (—8.0V)_ 
| 3 | Vacr | Reference voltage input(+2.50V) 


USY Output High—Conversion complete 
Output Low—Conversion in progress. 


Output floats when chip is not 
selected (RD and CS both high). 


> 
, 


3 


8) 


Clock input 
Indicates start of conversion. Active 
Write input. With CS low, starts 
conversion when pulsed low; 
low. 
Chip select input. Active low. 
output buffers when pulsed low; 
outputs updated at end of conversion 
SMODE | Slow memory mode input. Active high. 
Digital ground (OV) 

The HI-7151 is a high speed 10-bit A/D converter which 
achieves throughput rates of 100 kHz by use of a Two Step 
through the use of switched capacitor techniques which al- 
low the device to sample a new input voltage while a con- 
ence input of +2.5V, which is internally inverted to —2.5V, 
thereby allowing an input range of —2.5V to +2.5V. 10 bits 
reference inputs are ‘internally buffered by high speed 
CMOS buffers, which greatly:simplifies the external analog 


low. 
continuous conversions when kept 
12 Read input. With CS low, enables 

when kept low. 
DETAILED DESCRIPTION 
Flash algorithm. A pipelined operation has been achieved 
version is taking place. The HI-7151 requires a single refer- 
including sign are two’s complement coded. The analog and 
drive requirements for the device. 


NOTE: All typical values have been characterized but are not tested. 
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Bus select input 


High = all outputs enabled together 
DO-D9, OVR 


Low = outputs enabled by HBE 


Byte select (HBE/LBE) input for 8-bit 
bus. 


Input high—High byte select, D8-D9, 
OVR 


Input low—Low byte select, DO-D7 
Bit O (Least significant, LSB) 
Bit 1 
Bit 2 


Bit 3 Output 
: Data 
Bit 4 Bits 
Bit 5 (High = True) 


Bit 6 
Bit 7 
Bit 8 (Most significant) 
Bit 9 (Sign) 


Out of Range flag. Valid at end 
of conversion when output 
exceeds full-scale. 


28 [vt Positive supply voltage input (+ 5.0V) 


5 TO 32 
DECODER 


(+VREF) 


Vin 75 


ANALOG) 
INPUT) 


14 
(DIGITAL GROUND) 


HI-7151 


DATA 
OUTPUTS 


mS) 
OVR 
BUSY 


LATCHES AND 
OUTPUT BUFFERS 


32 TO 5 ENCODER 
OUTPUT BUFFERS 


BUS 
HBE 


HOLD 
RD 
WR 
cS 


CONTROL 
LOGIC 


SWITCED 
CAP. 
AMP 


POWER 
SUPPLY 
DISTRIBUTION 


Figure 4: Detailed Block Diagram 


A/D SECTION 


The HI-7151 uses a conversion algorithm which is gener- 
ally called a ‘Two Step Flash” algorithm. This algorithm en- 
ables very fast conversion rates without the penalty of high 
power dissipation or high cost. A detailed functional dia- 
gram is presented in Figure 4. 


The input voltage is first converted into a 5-bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara- 
tors which perform a comparison between the input voltage 
and subdivisions of the reference voltage. These subdivi- 
sions of the reference voltage are formed by forcing the 
reference voltage and its negative on the two ends of a 
string of 32 resistors. 


The reference input to the HI-7151 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 


NOTE: All typical values have been characterized but are not tested. 
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the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are off- 
set trimmed at the factory in order to increase the accuracy 
of the HI-7151 and to simplify its usage. 


The 5-bit result of the first flash conversion is latched into 
the upper five bits of double buffered latches. It is also con- 
verted back into an analog signal by choosing the ladder 
voltage which is closest to but less than the input voitage. 
The selected voltage (VTAP) is then subtracted from the 
input voltage. This residue is amplified by a factor of 32 and 
referenced to the negative reference voltage (VSCA = (Vin 
— VTAP) X 32 + Vref). This subtraction and amplifica- 
tion operation is peformed by a Switched Capacitor Amplifi- 
er (SCA). The output of the SCA falls between the positive 
and negative reference voltages and can therefore be digi- 
tized by the original 5-bit flash converter (second flash con- 
version). 


HI-7151 


HI-7151 


T CONVERSION 
CLOCK 1 


Hi-7151 


T#1 CONVERSION 


TRACK & HOLD | HOLD V,,(T) TRACK V;,(T#1) | HOLD V,,(T#1) 


CONVERT 


CONVERT 


COMPARATOR UPPER LOWER 
AUTO=ZERO | SAMPLE 5 BITS | SAMPLE RESIDUAL 5 BITS | SAMPLE 


(AZ) Vin(T) 


Vin(T+1) 


SCA 
AUTO=ZERO SAMPLE Vj,(T) AMPLIFY RESIDUAL SAMPLE Viy(T#1) 


(SCAZ) 


INTERNAL 
DATA 
10 BITS + OVR 


we eee nnn nn - - - - - -- Vin(T) DATA 
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Figure 5: Internal ADC Timing Diagram 


The 5-bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the 
end of a conversion, 10 bits of data plus an Out of Range bit 
are latched into the second level of latches and can then be 
put on the digital output pins. 


The conversion takes place in three clock cycles and is 
illustrated in Figure 5. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input voltage. During the 
second half clock cycle, the comparators make a compari- 
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap 
voltage has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 


three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators perform another comparison whose 
5-bit result becomes available on the next clock edge. 


TRACK AND HOLD ANALOG INPUT 


A Track and Hold amplifier has been fully integrated on 
the front end of the A/D converter. Because of the sampling 
nature of this A/D converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T/H) amplifier “holds” the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the T/H input 
amplifier simplifies analog interfacing. Input signals up to 
+ Vref can be directly connected to the A/D without buffer- 
ing. The A/D output code table is shown in Table 2. 


Table 2: A/D Output Code Table 


Analog Input 


LSB = 2 (Vrerf)/1024 


Vrer = 2.500V 


2+Vper 2.500V to Vt (+ OVR) 


+Vper — 1LSB 2.49512V (+FULL SCALE) 


+1LSB 0.00488V 
0 0.000V 
—iLSB —0.00488V 


—2.500V (—FULL SCALE) 
—2.50488V toV- (—OVR) 


— VREF 
< —Vprer — 1LSB 


NOTE: All typical values have been characterized but are not tested. 


Output Data 


OVR MSB LSB 
8 | 7 0 
0 0;0/;}0;0!10]0]0 0 


1 pa aR A Se Se 1 
| 


The timing signals for the Track and Hold amplifier are 
generated internally, and: are also provided externally 
(HOLD) for synchronization purposes. The T/H amplifier 
consists of two high speed CMOS amplifiers and an internal 
hold capacitor. Its typical slew rate and bandwidth are 
9V/ys and 1.5 MHz respectively. It is configured to give a 
very small hold pedestal without the use of an external hold 
capacitor. The hold pedestal is typically less than 100 pV. 


Acquisition of the analog input signal is the time required 
by the T/H for its output to reach its final value within a 
specified error band. This time is a function of the logic de- 
lay time, op amp slewing time, and settling time. The T/H is 
in the track mode for 2 clock cycles (6.7 ps @ CLK = 
300 kHz) but the output typically settles to within 4 LSB in 
1.5 ps. 


Aperture delay time is the time required for the T/H 
switch to open following the internal hold command. This is 
the delay with respect to falling edge of WR and the internal 
hold command. It is equal to Thold (typ) — 50 ns (typ) which 
is typically 30 ns. 


Aperture uncertainty (jitter) is a range of variation in the 
aperture time. The greater the aperture time the larger the 
uncertainty in the analog voltage being converted. If the ap- 
erture time is nulled out by advancing the hold command 
(WR) or the signal is repetitively sampled, aperture uncer- 
tainty becomes the major source of time error. The aperture 
uncertainty for the T/H is typically 2 ns which sets the maxi- 
mum input bandwidth to 77.7 kHz for 1 LSB resolution. 

fmax = 1/(2a7 X 2" X ta) 

where n = resolution in bits 

ta = aperture uncertainty 

All of the internal amplifiers are offset trimmed at the fac- 
tory to give improved accuracy and to minimize the number 
of external components. If necessary, offset error can be 
adjusted either at an external interface buffer or by using 
digital post correction. 


REFERENCE INPUT 


The reference input to the HI-7151 is buffered by a high 
speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. 


POWER REQUIREMENTS 


Power to the chip should be applied in the following order: 
V-, Vt, and Vrer. In applications where Vt is supplied 
prior to V—, the positive supply current will be approximately 
2 times its nominal value until V— is applied (this is not a 
latchup condition). 


NOTE: All typical values have been characterized but are not tested. 
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INITIALIZATION 


In fast memory and DMA modes (after proper power, 
Vrer, and clock) up to 6 clock cycles are required for circuit 
initialization. After circuit initialization, valid data will be avail- 
able in 3 clock cycles. 


MICROPROCESSOR INTERFACE 


The HI-7151 can be interfaced to microprocessors 
through the use of standard Write, Read, Chip Select, and 
HBE control pins. The digital outputs are two’s complement 
coded, three-state gated, and byte organized for bus inter- 
face with 8- and 16-bit systems. The digital outputs (DO0-D9, 
OVR, and BUSY) may be accessed under control of BUS, 
byte enable input HBE, chip select, and read inputs for a 
simple parallel bus interface. The microprocessor can read 
the current data in the output latches in typically 75 ns/byte 
(trd). An over range pin (OVR) together with the MSB (D9) 
pin set to either a logic 0 or 1 will indicate a positive or 
negative over-range condition respectively. All digital output 
buffers are capable of driving one TTL load. 


The HI-7151 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, and DMA 
mode. 


SLOW MEMORY MODE 


In slow memory mode, the conversion will be initiated by 
the microprocessor by selecting the chip (CS) and pulsing 
WR low. This mode is selected by hardwiring the SMODE 
pin to V+. This mode is intended for use with microproces- 
sors (such as the 8086) which can be forced into a WAIT 
state. For example, in a configuration where the BUSY out- 
put is tied to the 8086 READY input, an attempt to read the 
data before the conversion is complete will force the proc- 
essor into a WAIT state until BUSY goes high, at which time 
the data at the output is valid. This resembles a 10 ps ac- 
cess time RAM. It allows the processor to initiate a conver- 
sion, WAIT, and READ data with a single READ instruction. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. An I/O truth table is 
presented in Table 3 for the slow memory mode of opera- 
tion. 


a 
Ww) 
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HI-7151 


HI-7151 


Table 3: Slow Memory Mode I/O Truth Table (SMODE = Vt) 


0 
X 
X 
X 
X 
X 


X = don’t care 


FAST MEMORY MODE 


The fast memory mode of operation is selected by tying 
the SMODE and WR pins to DG. In this mode, the chip 
performs continuous conversions and only CS and RD are 


required to read the data. Whenever the SMODE pin is low, ' 


WR is independent of CS in starting a conversion cycle. 
During the first conversion cycle, HOLD follows WR going 
low. 

Data can be read a byte at a time or all 11 bits at once. 
The internal logic disables the output latches from being 
updated during a. read after’ the high byte data is 


Initiates a conversion 

Disables all chip commands 

DO-D9 & OVR enabled 

Low byte enabled: DO—-D7 

High byte enabled: DB—D9, OVR 
Disables all outputs (High impedance) | 


accessed. It will continue to be disabled until after the low 
byte data is accessed. THEREFORE, WHEN 8-BIT BUS 
OPERATION IS SELECTED, THE DATA MUST BE AC- 
CESSED HIGH BYTE FIRST, LOW BYTE NEXT. If the low 
byte is accessed first followed by high byte, the results from - 
the next conversion cycle will be lost because the updating 
of the output latch is disabled. BUSY is continuously low 
when accessed with a read command in this mode. An 1/O 
truth table is presented in Table 4 for the fast memory mode: 
of operation. . 

The data can be defined in time by monitoring the HOLD . 
pin. The conversion data can be read after HOLD has gone 
low. 


Table 4: Fast Memory Mode I/O Truth Table (SMODE = DG) 


xo xX x«K x 


Continuous conversion, WR may be tied to DG 
Disables only the RD command 


DO-—D9 & OVR enabled 

High byte enabled: D8-D9, OVR (enable 1st) 
Low byte enabled: DO-D7 (must enable 2nd) 
Disables all outputs (High impedance) 


X = don’t care 


DMA MODE 


This mode is a complete hardwire mode where the’ 


HI-7151 continuously converts. The user implements hard- 


ware to store the results in memory, bypassing the micro- © 


processor. This mode is recognized by the chip when 
SMODE is hardwired to V+ and CS, RD, WR are hardwired 
to DG. When 8-bit bus operation is selected, high and low 
byte data may be accessed in either order. BUSY is continu- 
ously low when accessed with a read command in this 
mode. An I/O truth table is presented in Table 5 for the 
DMA mode of operation. 


NOTE: All typical values have been characterized but are not tested. 
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Table 5: DMA Mode I/O Truth Table 
(SMODE = V*,CS = WR = RD = DG) 


DO-D9 & OVR enabled 


Low byte enabled: DO-D7 
High byte enabled: D8-D9, OVR 


X = don’t care 
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Figure 6: Ground and Power Supply Decoupling 


OPTIMIZING SYSTEM PERFORMANCE 


The HI-7151 has three ground pins (AG, DG, GND) for 
improved system accuracy. Proper grounding and bypass- 
ing is illustrated in Figure 6. The AG pin is a ground pin that 
does not carry any current and is used internally. as a refer- 
ence ground. The reference input and analog input should 
be referenced to the analog ground (AG) pin. The digital 
inputs and outputs should be referenced to the digital 
ground (DG) pin. The GND pin is a return point for the sup- 
ply current of the comparator array. The comparator array is 


designed such that this current is approximately constant at 


all times and does not vary with input voltage. By virtue of 


. the switched capacitor nature of the comparators, it is nec- . 


essary to hold GND firmly at zero volts at all times. There- 
fore, the system ground star connection should be located 
as close to this pin as possible. 


As in any analog system, good supply bypassing is nec- 


essary in order to achieve optimum system performance . 


(minimize conversion errors). The power supplies should be 
bypassed with at least a 20 uF tantalum and 0.1 wF ceram- 


ic capacitors to GND. The reference input should be by-~ 


passed with a 0.1 wF ceramic capacitor to AG. The capaci- 
tor leads should be as short as possible. 


The pins on the HI-7151 are arranged such that the ana- - 


log pins are well isolated from the digital pins. Inspite of this 


NOTE: All typical values have been characterized but are not tested. 


arrangement, there is always pin to pin coupling. Therefore 
the analog inputs to the device should not be driven from 
very high output impedance sources. PC board layout 
should screen the analog and reference inputs with AG. Us- 
ing a soldier mask is good practice and helps reduce leak- 
age due to moisture contamination on the PC board. . 


APPLICATIONS 


Typical applications are illustrated in Figures 7 through 9 
for the slow memory, fast memory, and DMA modes of op- 
eration. The output data is configured for 16-bit bus opera- 
tion for these three applications. By tying BUS to DG and 
connecting the HBE input to the system address decoder, 
the output data can be configured for 8-bit bus systems. 


Figure 10 illustrates an application where the HI-7151 is 
used with an analog multiplexer to form a multi-channel 
data acquisition system. Either slow memory or fast memory 
modes of operation can be selected. Fast memory mode 
should be selected for maximum throughput. Multiplexer 
channel acquisition should occur approximately 500 ns after 
HOLD goes high. This allows 2 clocks minus 0.5 ys for the 
input to settle. With a 300 kHz clock the input has up to 
6.2 pws to settle. 
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Figure 7: Slow Memory Mode Application 


NOTE: All typical values have been characterized but are not tested. 
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Figure 8: Fast Memory Mode Application 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: DMA Mode Application 


An intelligent system which performs a scale factor ad- 
justment under software control with the addition of a pro- 
grammable gain block between the multiplexer and HI-7151 
is illustrated in Figure 11. The microprocessor first performs 
a conversion and then checks the over-range status (OVR) 
bit. If the OVR bit is high, the microprocessor addresses a 
precision gain circuit for scale factor adjustment and initi- 
ates another conversion. The microprocessor must keep 
track of the selected scale factor. 


NOTE: All typical values have been characterized but are not tested. 
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The accuracy of the programmable gain amplifier should 
be better than 0.05%. For optimum system performance, op 
amp frequency response, settling time, and charge injection 
of the analog switch must be considered. 


Figure 12 illustrates the HI-7151 interfaced to FIFO mem- 
ories for use in DMA applications. 
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Figure 10: Multi-Channel Data Acquisition System 
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Figure 11: Multi-Channel Data Acquisition System 
with Programmable Gain 


NOTE: Ail typical values have been characterized but are not tested. 
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Figure 12: DMA/FIFO Data Acquisition System 


NOTE: All typical values have been characterized but are not tested. 
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10-Bit High Speed A/D Converter 


GENERAL DESCRIPTION 


The Harris HI-7152 is a high speed 10-bit A/D converter 
which uses a Two Step Flash algorithm to achieve through- 
put rates of 200 kHz. A unique switched capacitor technique 
allows a new input voltage to be sampled while a canver- 
sion is taking place. 


A Track and Hold amplifier is included on the chip, con- 
sisting of two high speed amplifiers and an internal hold 
capacitor. 


Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 
digital three-state outputs are byte organized for interfacing 
to either 8- or 16-bit systems. An Over-Range pin, together 
with the MSB, can be used to indicate an out-of-range con- 
dition. 

The HI-7152 operates with + 5V supplies. A single + 2.5V 
reference is required to provide a bipolar input range from 
—2.5V to +2.5V. 


Internal high speed CMOS buffers at both the analog and 
reference inputs simplifies external drive requirements. 


Hl=7152 


Figure 1: Pin Configuration | 


HI-7152 


HI-7152 


with Track & Hold 
FEATURES 


¢ 5 »s Conversion Time 

© 200 KHz Continuous Throughput Rate 

® No Offset or Gain Adjustments Necessary 

@ Internal Track and Hold Amplifier 

® Analog and Reference Inputs Fully Buffered 

©@ uP Compatible Byte Organized Outputs 

@ Low Power Consumption (150 mW) 

@ Uses a Single 2.5V Reference for +2.5V Input Range 


APPLICATIONS 


@ uP Controlled Data Acquisition Systems: 


® DSP 
—Avionics 
—Sonar 


® Process Control 
—Automotive Transducer Sensing 
—Industrial 


® Robotics 
© Digital Communications 
© Image Processing 


ORDERING INFORMATION 
Linearity Temperature 
(Max. DLE) Rangex 
+1LSB 0°C to +75°C 
+1/2LSB | 0°Cto+759 
+1LSB 0°C to +85°C 
+1/2LSB | 0°Cto+85°C 


+1LSB -55°C to +125°C 


Package 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE M AXIMUM R ATINGS (Note 1) NOTE: Stresses above those listed under “Absolute Maximum Ratings” 


may cause permanent damage to the device. These are stress ratings only 


Supply Voltage - and functional operation of the device at these or any other conditions 
“V+ to GND (DG/AG/GND) ...:.—0.8V < Vt < +5.7V above those indicated in the operational sections of the specifications is not 
V— to GND (DG/AG/GND)...... —5.7V <V- < +0.3V implied, Exposure ta absolute maximum rating conditions for extended peri- 
Analog Input Pins ....... V~- —0.3V < Vina < Vt + 0.3V OY aliens, Ceyicn renee | 
s3 : NOTE 1: Input voltages may exceed the supply voltage provided the input 
Digital 1/O Pins ......... DG — 0.3V < Vio < Vt + 0.3V PRT ian Saar 
Power Dissipation (Note 2).................... <500 mW. 2: Dissipation rating assumes device is mounted with all leads sol- 
derate above 75°C at 10 mW/°C — dered to printed circuit board. 
Operating Temperature Range - 
PUSH TOP KO sea a Ree eee be BOGOR SIG 0°C to + 75°C 
HBF 1S 2K-9 non scp tein eed wtehed cae — 40°C to + 85°C 
Storage Temperature Range........... —65°C to + 150°C 
Lead Temperature (soldering, 10 sec) .............. 300°C 
ELECTRICAL CHARACTERISTICS (Note 4) 
ACCURACY vt = +5v, V- = —5V, Vaer = 2.50V. folk = 600 kHz, 50% duty cycle. 


RES Resolution (Note 5) “Ta = +25°C 


Differential Linearity 
Error 


Bipolar Offset Error | 
Unadjusted Gain Error 
NOTES 3: See Ordering Information Table. 


4: FSR (Full Scale Range) = 2 X Vpe_r (5.00V at Vag = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88 mV at Vagr = 2.50V). 
5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
6: Only Vos and GAIN ERROR functionality tested at 2.2V and 2.6V. 


DC CHARACTERISTICS 
Vt = 5V,V~ = —5V, Veer = 2.50V, Ta = +25°C, folk = 600 kHz, 50% duty cycle, unless stated otherwise. 


— 40°C to 
+ 75°C + 85°C 


[min [typ | max | in | Max | min | Max | 
ANALOG INPUT 
Analog Input Range 


— VREF +Vrer | —VRee | +VRer | ~Vrer | +VrRer | V 
Analog Input Bias Current Vin = OV 0.01 100 100 100 nA 
8 20 pF 
REFERENCE INPUT 
2.2 2.5 2.6 2.2 2.2 2.6 V 6 
0.01 100 100 nA 
7 20 pF | 5 


Conditions 
(Note 4) 


‘Parameter 


Analog Input Capacitance 


Reference Input Range 
Reference Input Bias Current 
Reference Input Capacitance 


Vrer = 2.50V 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 


red CHARACTERISTICS (Continued) 
= 5V,V—- = —5V, VreF = 2.50V, Ta = + 25°C, folk = 600 kHz, 50% duty cycle, unless stated otherwise. 


Sanat 125°C 0°C to _ pee to 
Parameter enaene + 75°C oe pee 
(Note 4) 
jin | typ | Max | min | Max | min | ntax | 


TRACK AND HOLD (See text) © 


Slew Rate 

Bandwidth ; 
Aperture Time 

Aperture Uncertainty 

Feedthrough in HOLD = 

Acquisition Time : 


LOGIC INPUTS 


Input High Voltage 2.0 2.0 2.0 V 
Input Low Voltage 0.8 0.8 0.8 V 
Logic Input Current Vin = OV, Vt 0.05 1 1 1 pA 
Input Capacitance 5 17 pF 


Output High Voltage lon = —200 pA 2.4 2.4 2.4 V 
Output Low Voltage lo. = 1.6mA 0.4 0.4 0.4 V 
Output Leakage Current | RD = V+, ; 1 10 10 | pA 
Vout = Vt 
RD =Vt, ) —1 —10 —10 pA 
Vout = OV 
Output Capacitance’ High-Z State 15 pF 


POWER SUPPLY VOLTAGE RANGE 


Vt Functional Operation 4.5 5.0 5.5 4.5 5:5 4.5 5.5 V 7 
V- Only = 4,5¢).-—5.0) | = 55 | 4.54) Ho) 48 955 V 7 


POWER SUPPLY REJECTION 
eGVvS V+, V- Gain Coefficient | V+ =5V, V—- = —4.75V, —5.25V +0.1 | +0.5 +0.6 +0.6 | LSB 
—5V, V+ =4.75V, 5.25V +0.1 | +0.5 +0.6 +0.6 
VOSVS | Vt, V— Offset Coefficient | Vt =5V, V~- = —4.75V, —5.25V +0.1 | +0.5 +06 +0.6 | LSB 
V~- = —5V, V+ =4.75V, 5.25V +0.1 | +05 +0.6 +0.6 


SUPPLY CURRENTS 


V+ Supply Current Vt = 5V +10%, 30 30 30 
V— Supply Current —5V +10% —15 =415 =15 
GND Current Vin = OV, Digital = 15 —15 —15 
DG Current .| Outputs are Unloaded =3 =3 | 
AG Current ; 10 10 10 


NOTES 4: FSR (Full Scale Range) = 2 X Vper (5.00V at Vacr = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88 mV at VagrF = 2.50V). 
5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
6: Only Vog and GAIN ERROR functionality tested at 2.2V and 2.6V. 
7: Guaranteed by functionality test. 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 


AC CHARACTERISTICS 
V+ = 5V +10%, V~ = —5V +10%, Vrer = 2.50V, Ta = + 25°C, folk = 600 kHz, 50% duty cycle, C, = 100 pF (including 
stray for DO-D9, OVR, HOLD, BUSY), unless stated otherwise 


Conditions 
b Paramet 
Symbol meter (Note 11) 


Clock Input Duty Cycle 


Continuous Conversion Time 


Conversion Time 
tye 
tk 
thold WR to HOLD Delay 
ok 


tck 
twrl 


Z 
Qa 


data 
td 
td 
tr 
tf 


tbusy RD to BUSY 
Fall Time 


NOTES 8: Slow memory mode timing. 
9: Fast memory or DMA mode of operation, except the first conversion which is equal to tconv. 

10: Maximum specification to prevent multiple triggering with WR. 

11: All input drive signals are specified with tr = tf < 20 ns and shall swing from Vi. — 0.4V to Vi + 0.4V for all timing specifications: A signal is 
considered to change state as it crosses a 1.4V threshold (except trd & trx). 

12: tr and tf load is C_ = 100 pF (including stray capacitance) to DG and is measured from the 10%-90% point. 

13: trdis the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High-Z to Voy is measured with 
Ry = 2.5 kf and C, = 100 pF (including stray) to DG. High-Z to Vo; is measured with Ry = 2.56 kN to V+ and CL = 100 pF (including stray) to DG. 

14: trxis the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. Voy to High-Z is measured with 
R, = 2.5 kN and Cy = 10 pF (including stray) to DG. Vo, to High-Z is measured with Ry = 2.5 kN to Vt and C, = 10 pF (including stray) to DG. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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TIMING DIAGRAMS 


SMODE = V*, BUS =V*, HBE=V* OR DG 
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Figure 3A: Slow Memory Mode (16-Bit Data Bus) 
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NOTE: With SMODE = DG, Internal Logic Disables the Output Latches from Being Updated during a Read Operation. 
Figure 3B: Fast Memory Mode (8-Bit Data Bus) 


NOTE: Ail typical values have been characterized but are not tested. 
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TIMING DIAGRAMS (Continued) 
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Figure 3C: DMA Mode (16-Bit Data Bus) 


NOTE: All typical values have been characterized but are not tested. 
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Table 1: Pin Description 


|Pin | Name | Description | 


Ground return for comparators (OV) 


Negative supply voltage input (— 5.0V) 


REF Reference voitage input (+ 2.50V) 


G) 


Analog ground reference (OV) 


VIN Analog input voltage 


Connect to V+ for proper operation. 


Output High—Conversion complete. 
Output Low—Conversion in progress. 


Output floats when chip is not 
selected (RD and CS both high). 


Clock input 


indicates start of conversion. Active 
low. 


Write input. With CS low, starts 
conversion when pulsed low; 
continuous conversions when kept 
low. 


cs Chip select input. Active low. 


Read input. With CS low, enables 
output buffers when pulsed low; 

outputs updated at end of conversion 
when kept low. 


Slow memory mode input. Active high. 
Digital ground (OV) 


DETAILED DESCRIPTION 


The HI-7152 is a high speed 10-bit A/D converter which 
achieves throughput rates of 200 kHz by use of a Two Step 
Flash algorithm. A pipelined operation has been achieved 
through the use of switched capacitor techniques which al- 
low the device to sample a new input voltage while a con- 
version is taking place. The HI-7152 requires a single refer- 
ence input of +2.5V, which is internally inverted to —2.5V, 
thereby allowing an input range of —2.5V to +2.5V. 10 bits 
including sign are two’s complement coded. The analog and 
reference inputs are internally buffered by high speed 
CMOS buffers, which greatly simplifies the external analog 
drive requirements for the device. 
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NOTE: All typical values have been characterized but are not tested. 


Trin | Name [Description 


on 


+ < “I & x) 
me) 


Positive supply voltage input 
(+ 5.0V) 


HI-7152 


Bus select input 


High = all outputs enabled together 
DO-D9, OVR 
Low = outputs enabled by HBE 


Byte select (HBE/LBE) input for 
8-bit bus. 

Input high—High byte select, D8- 
D9, OVR . 

Input low—Low byte select, DO-D7 


Bit 0 (Least significant, LSB) 

Bit 1 

Bit 2 

Bit 3 Output — Low 
Bit 4 = Byte 
Bit 5 (High = True) 


Bit 6 
Bit 7 


Bit 8 (Most significant) 
Bit 9 (Sign) High 


Out of Range flag. Valid at Byte 
end of conversion when 
output exceeds full-scale. 


5 TO 32 
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Figure 4: Detailed Block Diagram 


A/D SECTION 


The HI-7152 uses a conversion algorithm which is gener- 
ally called a ‘Two Step Flash” algorithm. This algorithm en- 
ables very fast conversion rates without the penalty of high 
power dissipation or high cost. A detailed functional dia- 
gram is presented in Figure 4. 


The input voltage is first converted into a 5-bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara- 
tors which perform a comparison between the input voltage 
and subdivisions of the reference voltage. These subdivi- 
sions of the reference voltage are formed by forcing the 
reference voltage and its negative on the two ends of a 
string of 32 resistors. 


The reference input to the HI-7152 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 
the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are off- 
set trimmed at the factory in order to increase the accuracy 
of the HI-7152 and to simplify its usage. 


NOTE: All typical values have been characterized but are not tested. 


4-95 


The 5-bit result of the first flash conversion is latched into 


the upper five bits of double buffered latches. It is also con-* 


verted back into an.analog signal by choosing the ladder 
voltage which is closest to but less: than the input voltage. 


The selected voltage (VTAP) is then subtracted..from the~ 
input voltage. This residue is amplified by a factor of 32 and. 


referenced to the negative reference voltage (VSCA = (Vin 
— VTAP) X 32 + Vprer—). This subtraction and-amplifica- 
tion operation is peformed bya Switched Capacitor Amplifi- 


er (SCA). The output of the SCA falls between the positive - 


and negative reference voltages and.can therefore .be digi- 


tized by the original 5-bit flash converter (second flash con- . 


version). 


The 5-bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the 
end of a conversion, 10 bits of data plus an Out of Range bit 
are latched into the second level of latches and can then be 
put on the digital output pins. 
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Hi-7152 
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1 
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Figure 5: Internal ADC Timing Diagram 


The conversion takes place in three clock cycles and is 
illustrated in Figure 5. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input voltage. During the 
second half clock cycle, the comparators make a compari- 
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap 
voltage has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 
three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 


-cycle, the comparators perform another comparison whose 


5-bit result becomes available on the next clock edge. 


TRACK AND HOLD ANALOG INPUT 


A Track and Hold amplifier has been fully integrated on 
the front end of the A/D converter. Because of the sampling 
nature of this A/D converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T/H) amplifier “holds” the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the T/H input 
amplifier simplifies analog interfacing. Input signals up to 
+Vp_r can be directly connected to the A/D without buffer- 
ing. The A/D output code table is shown in Table 2. 


The timing signals for the Track and Hold amplifier are 
generated internally, and are also provided externally 
(HOLD) for synchronization purposes. The T/H amplifier 
consists of two high speed CMOS amplifiers and an internal 
hold capacitor... Its. typical slew rate and bandwidth are 
9V/us and 1.5 MHz respectively. It is configured to give a 
very small hold pedestal without the use of an external hold 
capacitor. The hold pedestal is typically less than 100 pV. 


Table 2: A/D Output Code Table 


Analog Input 


LSB = 2(VrerF)/1024 | Vrer = 2.500V 


>+Vprer 2.500 to V+ (+ OVR) 
+Vper — 1LSB 2.49512 (+FULL SCALE) 
+1LSB 0.00488 

) 0.000 


—1LSB — 0.00488 


— 2.500 (—FULL SCALE) 
— 2.50488 to V— (—OVR) 


—VREF 
< —Vpre_er — 1LSB 


NOTE: All typical values have been characterized but are not tested. 


Output Data | 


SIGN | MSB LSB 
9 8 7 0 
0O;/0;0;0;0; 010 0 


Acquisition of the analog input signal is the time required 
by the T/H for its output to reach its final value within a 
specified error band. This time is a function of the logic de- 
lay time, op amp slewing time, and settling time. The T/H is 
in the track mode for 2 clock cycles (3.3 ps @ CLK = 
600 kHz) but the output typically settles to within 14 LSB in 
1.5 ps. 


Aperture delay time is the time required for the T/H 
switch to open following the internal hold command. This is 
the delay with respect to falling edge of WR and the internal 
~ hold command. It is equal to Tyo_p (typ) — 50 ns (typ) 
which is typically 30 ns. 


Aperture uncertainty (jitter) is a range of variation in the 
aperture time. The greater the aperture time the larger the 
uncertainty in the analog voltage being converted. If the ap- 
erture time is nulled out by advancing the hold command 
(WR) or the signal is repetitively sampled, aperture uncer- 
tainty becomes the major source of time error. The aperture 
uncertainty for the T/H is typically 2 ns which sets the maxi- 
mum input bandwidth to 77.7 kHz for 1 LSB resolution. 


Fmax = 1/(27 X 2" &X ta) 
where n = resolution in bits 
ta = aperture uncertainty 
All of the internal amplifiers are offset trimmed at the fac- 
tory to give improved accuracy and to minimize the number 
of external components. If necessary, offset error can be 


adjusted either at an external interface buffer or by using 
digital post correction. 


REFERENCE INPUT 


The reference input to the HI-7152 is buffered by a high 
speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. 


POWER REQUIREMENTS 


Power to the chip should be applied in the following order: 
V—-, V+, and Veer. In applications where V+ is supplied 
prior to V—, the positive supply current will be approximately 
2 times its nominal: value until V— is applied (this is not a 
latchup condition). 


NOTE: All typical values have been characterized but are not tested. 
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Hi-7152 


INITIALIZATION 


In fast memory and DMA modes (after proper power, 
Vref, and clock) up to 6 clock cycles are required for circuit 
initialization. After circuit initialization, valid data will be avail- 
able in 3 clock cycles. 


MICROPROCESSOR INTERFACE 


The HI-7152 can be interfaced to microprocessors 
through the use of standard Write, Read, Chip Select, and 
HBE control pins. The digital outputs are two’s complement 
coded, three-state gated, and byte organized for bus inter- 
face with 8- and 16-bit systems. The digital outputs (DO-D9, 


OVR, and BUSY) may be accessed under control of BUS, 


byte enable input HBE, chip select, and read inputs for a 
simple parallel bus interface. The microprocessor can read 
the current data in the output latches in typically 75 ns/byte 
(trd). An over range pin (OVR) together with the MSB (D9) 
pin set to either a logic O or 1 will indicate a positive or 
negative over-range condition respectively. All digital output 
buffers are capable of driving one TTL load. 

The HI-7152 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, and DMA 
mode. 


SLOW MEMORY MODE 


In slow memory mode, the conversion will be initiated by 
the microprocessor by selecting the chip (CS) and pulsing 
WR low. This mode is selected by hardwiring the SMODE 


pin to V+. This mode is intended for use with microproces- - 7 ali 


sors (such as the 8086) which can be forced into a WAIT 
state. For example, in a configuration where the BUSY out- 
puts tied to the 8086 READY input, an attempt to read the 
data before the conversion is complete will force the proc- 
essor into a WAIT state until BUSY goes high, at which time 
the data at the output is valid. This resembles a 5 ys access 
time RAM. It allows the processor to initiate a conversion, 
WAIT, and READ data with a single READ instruction. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in-either order. An I/O truth table is 


presented in Table 3 for the slow memory mode of opera- 


tion. 


HI-7152 


HI-7152 


HI-7152 . 


Table 3: Slow Memory Mode I/O Truth Table (SMODE = V+) 


xx x x KO 


X = don’t care 


Initiates a conversion 
Disables all chip commands 


DO-—D9 and OVR enabled 

Low byte enabled: DO-D7 .. 
High byte enabled: D8-—D9, OVR © 
Disables all outputs (High impedance) 


Table 4: Fast Memory Mode I/O Truth Table (SMODE = DG) 


Continuous-conversion, WR may be tied to DG 
Disables only the RD-command 


DO-D9 and OVR enabled 

High byte enabled: D8-D9, OVR (enable 1st) 
Low byte enabled: DO-D7 (must enable 2nd) 
Disables all outputs (High impedance) 


X = don’t care 


FAST MEMORY MODE 


The fast memory mode of operation is selected by tying 
the SMODE and WR pins to DG. In this mode, the chip 
performs continuous conversions and only CS and RD are 
required to read the data. Whenever the SMODE pin is low, 
WR is independent of CS in starting a conversion cycle. 
During the first conversion cycle, HOLD follows WR going 
low. 


Data can be read.a byte at a time or all 11 bits at once. 
The internal logic disables the output latches from being 
updated during a read after the high byte data is accessed. 
It will continue to be disabled. until after the low byte data is 
accessed. THEREFORE, WHEN 8-BIT BUS OPERATION 
IS SELECTED, THE DATA MUST BE ACCESSED HIGH 
BYTE FIRST, LOW BYTE NEXT. If the low byte is:accessed 
first followed by high byte, the results from the next conver- 
sion cycle will.be lost because the updating of the output 
latch is disabled. BUSY is continuously low when accessed 
with:a read.:command in this mode. An I/O truth table-is 
presented ‘in Table 4. for the fast memory mode:of opera- 
tion. 


The data can be defined in time by monitoring the HOLD 


pin. The conversion data can be read after HOLD has gone .- 


low. 


NOTE: All typical values have been characterized but are not tested. 
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DMA MODE 


This mode is a complete hardwire mode where the 
HI-7152 continuously converts. The user implements hard- 
ware to store the results in memory, bypassing the micro- 
processor. This mode is recognized by the chip when 
SMODE is hardwired to Vt and CS, RD, WR are hardwired 
to DG. When 8-bit bus operation is selected, high and low 
byte data may be accessed in either order. BUSY is continu- 
ously low when accessed with a read command in this 
mode. An !/O truth table is presented in Table 5 for the 
DMA mode of operation. 


Table 5: DMA Mode I/O Truth Table 
(SMODE = Vt, CS = WR = RD = DG) 


DO-D9 and OVR enabled 


Low byte enabled: DO-D7 
High byte enabled: D8-D9, OVR 


X = don’t care 


OPTIMIZING SYSTEM PERFORMANCE 


The HI-7152 has three ground pins (AG, DG, GND) for 
improved system accuracy. Proper grounding and bypass- 
ing is illustrated in Figure 6. The AG pin is a ground pin that 
does not carry any current and is used internally as a refer- 
ence ground. The reference input and analog input should 
be referenced to the analog ground (AG) pin. The digital 
inputs and outputs should be referenced to the digital 
ground (DG) pin. The GND pin is a return point for the sup- 
ply current of the comparator array. The comparator array is 
designed such that this current is approximately constant at 
all times and does not vary with input voltage. By virtue of 
the switched capacitor nature of the comparators, it is nec- 
essary to hold GND firmly at zero volts at all times. There- 
fore, the system ground star connection should be located 
as Close to this pin as possible. 


As in any analog system, good supply bypassing is nec- 
essary in order to achieve optimum system performance 
(minimize conversion errors). The power supplies should be 
bypassed with 20 F tantalum and 0.1 uF ceramic capaci- 
tors to GND. The reference input should be bypassed with a 
0.1 F ceramic capacitor to AG. The capacitor leads should 
be as short as possible. 


V+ 


HI-7152 


The pins on the HI-7152 are arranged such that the ana- 
log pins are well isolated from the digital pins. In spite of this 
arrangement, there is always pin to pin coupling. Therefore 
the analog inputs to the device should not be driven from 
very high output impedance sources. PC board layout 
should screen the analog and reference inputs with AG. Us- 
ing a soldier mask is good practice and helps reduce leak- 
age due to moisture contamination on the PC board. 


APPLICATIONS 


Typical applications are illustrated in Figures 7 through 9 
for the slow memory, fast memory, and DMA modes of op- 
eration. The output data is configured for 16-bit bus opera- 
tion for these three applications. By tying BUS to DG and 
connecting the HBE input to the system address decoder, 
the output data can be configured for 8-bit bus systems. 


Figure 10 illustrates an application where the HI-7152 is 
used with an analog multiplexer to form a multi-channel 
data acquisition system. Either slow memory or fast memory 
modes of operation can be selected. Fast memory mode 
should be selected for maximum throughput. Multiplexer 
channel acquisition should occur approximately 500 ns after 
HOLD goes high. This allows 2 clocks minus 0.5 ys for the 
input to settle. With a 600 kHz clock the input has up to 
2.8 ps to settle. 


HI=7152 
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Figure 6: Ground and Power Supply Decoupling 


NOTE: All typical values have been characterized but are not tested. 
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Figure 7: Slow Memory Mode Application 


NOTE: All typical values have been characterized but are not tested. 
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Figure 8: Fast Memory Mode Application 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: DMA Mode Application 
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Figure 10: Multi-Channel Data Acquisition System 


NOTE: All typical values have been characterized but are not tested. 
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-An intelligent system which performs a scale factor ad- 
justment under software control with the addition of a pro- 
grammable gain block between the multiplexer and HI-7152 
is illustrated in Figure 11. The microprocessor first performs 
a conversion and then checks the over-range status (OVR) 
bit. If the OVR bit is high, the microprocessor addresses a 
precision gain circuit for scale factor adjustment and initi- 
ates another conversion. The microprocessor must keep 
track of the selected scale factor. 


GAIN AMP 


ADDRESS 
a, rem = 
PROGRAMMBLE 
Ct 


SIGNAL 
GROUND 


DO-D2, EN 


HI-7152 


The accuracy of the programmable gain amplifier should 
be better than.0.05%. For optimum system performance, op 
amp frequency response, settling time, and charge injection 
of the analog switch must be considered. 

Figure 12 illustrates the HI-7152 interfaced to FIFO mem- 
ories for use in DMA applications. 
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Figure 11: Multi-Channel Data Acquisition 
System with Programmable Gain 
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Figure 12: DMA/FIFO Data Acquisition System 


NOTE: All typical values have been characterized but are not tested. 
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it HARRIS Hi-7153 
8-Channel 10 Bit High Speed 


September 1991 Sampling A/D Converter 


Features 

e 5us Conversion Time 

e 8-Channel Multiplexer 

e 200,000 Channels/Second Throughput Rate . 
e Over 9 Effective Bits at 20kHz. 

e No Offset or Gain Adjustments. Necessary 

e Analog and Reference Inputs Fully Buffered 


General Description 


The HI-7153 is an 8-channel high speed 10 bit A/D 
converter which uses a Two Step Flash algorithm to achieve 
through-put rates of 200kHz. The converter features an 
8-channel CMOS analog multiplexer with random channel 
addressing. A unique.switched capacitor technique allows 
a new input voltage to be sampled while a conversion is 
taking place. 


Internal high speed CMOS ‘buffers at both the analog. and 


@ On-Chip Track and Hold Amplifier 
e uP Compatible Interface 


reference inputs simplifies interface requirements. : 


A Track and Hold amplifier is included on the chip, 
consisting of two high speed amplifiers and an internal hold 
capacitor, reducing external circuitry. 


Microprocessor bus interfacing is simplified by the use of. 
standard Chip Select, Read, and Write control signals. The 
digital three-state outputs are byte organized for. bus 
interface to 8 or 16 bit systems. An Out-of-Range pin,. 
together with the MSB bit, can be used to indicate an under 
or over-range condition. 


The HI-7153 operates with +5V supplies. Only a single 
+2.5V reference is required to provide a bipolar input range - 
from -2.5V to +2.5V. 


Ordering Information 


. LINEARITY| TEMPERATURE 
PARTNO. | (MAX. ILE) RANGE PACKAGE 


HI3-7153J-5 +1.0LSB | O°Cto+75°9C | 40 Pin Plastic DIP 


© 2’s Complement Data Output 
e 150mW Power Consumption 


¢ Only a Single 2.5V Reference Required for a°+2.5V 
Input Range: 


e Out-of-Range Flag . 


Applications 
e uP Controlled Data Acquisition Systems - 
e DSP 
> Avionics . 
>» Sonar 
© Process Control 
>» Automotive Transducer Sensing 
> Industrial 
e Robotics 
® Digital Communications 


HI3-7153A-9 +1.0LSB | -40°C to +85°C | 40 Pin Plastic DIP 
HI1-7153S-2 +1.0LSB |-55°9C to +125°C} 40 Pin Ceramic DIP 
Hi1-7153S/883 | +1.0LSB |-559C to +125°C] 40 Pin Ceramic DIP 


Pinout HI-7153 » Functional Diagram 
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ICL7112 
_ 12-Bit High-Speed 
CMOS »uP-Compatible 
A/D Converter 


SEMICONDUCTOR 


ICL7112 


GENERAL DESCRIPTION. 


The ICL7112 is a monolithic 12-bit resolution, ‘fast~su 
cessive approximation A/D converter. |t uses thin, film:resis- 
tors and CMOS circuitry combined with«an™ ip PROM 
calibration table to achieve 12-bit linearity without laser trim- 
ming. Special design techniques used in the DAC and com- 
parator result in high speed operation, while the fully static 
silicon-gate CMOS circuitry keeps the power dissipation 
very low. 

Microprocessor bus interfacing is eased by the use of 
standard memory WRite and ReaD cycle timing and control 
signals, combined with Chip Select and Address pins. The 


digital output pins are byte-organized and three-state gated - 


for bus interface to 8- and 16-bit systems. 

The ICL7112 provides separate Analog and Digital 
grounds for increased system accuracy. Operating with 
+5V supplies, the ICL7112 accepts OV to + 10V input with 
a —10V reference or OV to —10V input with a + 10V refer- 
ence. 


FEATURES 


© 12-Bit Resolution and Accuracy 


© No Gain or Offset Adjustment Necessary 


© Provides 3% Useable Overrange 
© Fast Conversion (40 sec.) 


ORDERING INFORMATION 


Resolution 
Part with No 
Number Missing 
Codes 


11 Bits 
12 Bits 
12 Bits* 


11 Bits 
12 Bits 
12 Bits* 


11 Bits 


Temperature 
Range 


0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 


—25°C to + 85°C 
—25°C to + 85°C 
— 25°C to + 85°C 


—55°C to + 125°C 


ICL7112JCDL 
ICL7112KCDL 
1CL7112LCDL 


ICL7112JIDL 
ICL7112KIDL 
1CL7112LIDL 


ICL7112JMDL 


Package 


40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 


40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 


40 Pin Ceramic 


—55°C to + 125°C 
—55°C to + 125°C 


40 Pin Ceramic 
40 Pin Ceramic 


ICL7112KMDL 
ICL7112LMDL 


12 Bits 


® No Missing Codes oat 
its* 


® Microprocessor Compatible Byte-Organized Buffered 
Outputs 


*Over Operating Temperature Range 


rae 


SAR 
CONTROL LOGIC 


1CL7112 


OUTPUTS 0 , (LSB) 


ADDER 
ACCUM ye. 
RD CS Ag BUS 


’ 7 THREE= OVR 
LATCH LATCH STATE D,, (MSB) 


Figure 1: 1CL7112 Functional Diagram 


Figure 2: Pin Configuration 
(Outline Dwg. DL) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301657-002 


NOTE: All typical values have been characterized but are not tested. 
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ICL7112 


ABSOLUTE MAXIMUM RATINGS (1) Operating Temperature 

Supply Voltage V+ toDGND ............ —0.3V to +6.5V ICE 7TIAXOXX co hei ia se oh oesete ees 0°C to + 70°C 
Supply Voltage V- to DGND ............ +0.3V to —6.5V ICES TIT AXINK 536 bo vee weanceg vee SER oS — 25°C to + 70°C 
Vacr. Vin toDGND............... cece sees woe £25V IGL7112XMXX .... 6... eee eee eee ee, — 55°C to + 125°C 
AGND to DGND.............0cce cece cues +1Vto —1V Storage Temperature ........... aves —65°C to + 150°C 
Vrer, Vin, AGND Current .............00 2c eee eens 25 mA Power Dissipation (Note 2).............ec eee ee 500 mw 
Digital 1/O Pin Voltages ............ —0.3V to(V+ +0.3V) derate above 70°C @10 mW/°C 

PROG to DGND Voltage ............. ..V- to (V+ +0.3) Lead Temperature (soldering, 10 sec.) ............. 300°C 


Note 1: All voltages with respect to DGND, unless otherwise noted. 


- 2: Assumes all leads soldered or welded to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other.conditions above those indicated in the operational sections of the specifications is not implied. epee to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
Test Conditions: Vt = +5V,V- = —5V, Vare = —10.0V, Ta = + 25°C, foi, = 500 kHz unless otherwise noted. 


: at ie Gy ee ee 
jsymet | rameter | gone ea eee 


Res [Resolution | 12 Bits 


RES(NMC) | Resolution with No Notes 1, 2, 3 Rm] 11 12 12 Bits 
Missing Codes Tmin-Tmax} 10 11 12 
Integral Linearity Notes 1, 2 +0.024 +0.012 +0.012 %~FSR 
Error Tmin- faa +0.030 +0.020 +0.020] ~ 
Unadjusted Adjustable | C Rm +0.10 + 0.08 +0.08 
Full Scale Error to Zero Tmin-Tmax +0.12 +0.10 +0.10 


Rm +0.10 +0.08 +0.08 | %FSR 
. Tmin-—Tmax +0.13 +0.11 +0.11 
Rm +0.10 +0.08 +0.08 
Tmin-Tmax +0.14 +0.12 +0.12 
Zero Error Notes 1, 2 Rm +1 +1 
Tmin-—Tmax +1.5 +1.5 £4: “ 


Analog Input 


vw [pramoronteree i 


Reference Input 


ST 
Se 


Power Supply Sensitivity 


PSRR Power Supply Vt, V7 = 4.5V-5.5V Rm +0.5 +1 +0.5 +14 +0.5 +1 LSB 
Rejection Ratio Tmin-—Tmax +2 +2 +2 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: Vt = +5V,V—- = —5V, Veer = —10.0V, Ta = +25°C, fo, = 500 kHz unless otherwise noted. (Continued) 


Logic Input 
Vy 
VI 


L Low State Tmin-Tmax 
Input Voltage 

H High State Tmin-Tmax 24 
Input Voltage ; 


Logic Input Current | o<Viv<vt | 
Logic Input Capacitance || 


Logic Output 


VoL Low State Output lout = 1.6mA 

Voltage Tmin-Tmax 
VoH High State Output lout = —200 pA 

Voltage Tmin-Tmax | 2.8 : 
lox Three-State Output 0 < Vout < Vt 1 

Current 


NOTES 1: Full scale range (FSR) is 10V (reference adjusted). 
2: Assume all leads are soldered or welded to printed circuit board. 
3: “J” and “K” versions not production tested. Guaranteed by Integral Linearity Dest. 
4: Typical values are not tested, for reference only. 
5: Not production tested. Guaranteed by design. 


NOTE: All typical values have been characterized but are not tested. 
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ICL7112 


~~ ted 
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PKG ?>7 | VL 


ASX = DON'T CARE 


Figure 3: Read Cycle Timing 


WW wMiNM 


SS = vowt care 


Figure 4: Write Cycle Timing 


AC ELECTRICAL CHARACTERISTICS Test Conditions: V+ = +5.0V, V~ = —5.0V, Ta= + 25°C, 


foik = 500kKHz unless otherwise noted. Data derived from extensive characterization testing. Parameters are not production 
tested. 


[symit_ [Parameter TestConains [win [Wye [wax [vat 
READ CYCLE TIMING 

em 

tee | en.OoayAoiooaa | Stow FOLow | 

ua | en.DeayROiooaa | CStow.Aovakd | 

Tig | en.deayamtoTioosiie [| 

Pies | en.oaayeocriniooaa —[ 
WRITE CYCLE TIMING 

a a 

a 

Pe | coon 

aw | Gen 


EOC High Time Free-Run Mode f 05 
teonw | ConversionTime || 
Clock Frequency Range Functional Operation Only a 


1/fclk 


NOTE: All typical values have been characterized but are not tested. 
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TABLE 1: PIN DESCRIPTIONS 


PIN|NAME| FUNCTION, 
}1 | |Noconnection 


3 CS_ | Chip Select enables reading and writing 
(active low) 
ReaD (active low) 
5 Ao_ ‘| Byte select (low= Do — D7, 
high = Dg — D4, OVR) 
BUS | Bus select (low= outputs enabled by Ao, 
high = all outputs enabled together) 


7 | DGND | Digital GrouND return 
High Byte 
Low Byte 


No Connection 


a 


og 


Bit 11 (most significant bit) 


Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bit 6 


Output 
Data 
Bits 
(High = True) 


ks ek Peek, ck Ja Pee] ee 
Oya; rR [oO ;Tmosy—s 1o 
Le) > N oO 


EOC | End Of Conversion flag (low= busy, 


high = conversion complete) 


26 | OVR | OVerRange flag (valid at end of conversion 


when output code exceeds full-scale, three- 
state output enabled with high byte) 


V+ | Positive power supply input 

PROG | Used for programming only. Must tie to V+ 
for normal operation 

TEST | Used for programming only. Must tie to V+ 
for normal operation 


28 


29 


Ae) Mm | M | Mw 1] M [NM [DM 
N a; | oO jmp] [oO 


NOTE: All typical values have been characterized but are not tested. 
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Tein [NAME [FUNcTION 
Oscillator inverter output 
33 


WR WRite pulse input (low starts new 
conversion) 


Caz Auto-zero capacitor connection* 


| 40 | | Noconnection 


*NOTE: The voltage on Caz is driven: Never connect directly to ground. 


TABLE 2: 1/O CONTROL 


CS|Wr|RD|adus| FUNCTION 
fol o[x|x| x finitiatesaConversion 
fo} x] o}o] 0 [LowByteisenabled 
ol x|o]1| 0 |ignByteistnabled 
0| x |0]x| 1 |Lowand High Bytes Enabled Together 


TABLE 3: TRANSFER FUNCTION 


INPUT VOLTAGE EXPECTED OUTPUT CODE 
Vaer=-10.0v [ovA|MsB| | LSB 


0 0000000000] oO 
+0.00244 0000000000] 1 
+0.30029 | 0 | 0 [0000111101] 1_ 


1741177117171) 1 
0 


+ 4.99756 
+ 5.00000 


0000000000 


+ 9.99512 0 1111111171] O 
+ 9.99756 0 111117111171) 1 
+ 10.00000 1 0000000000| O 
+ 10.00244 1 0000000000; 1 


| _+10.29000 | 1 | o |oooorttso1} 1 
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DETAILED DESCRIPTION 


The ICL7112 is basically a successive approximation A/D 
converter with an internal structure much more complex 
than a standard SAR-type converter. Figure 1 shows the 
functional diagram of the ICL7112 12-bit A/D converter. 
The additional circuitry incorporated into the ICL7112 is 
used to perform error correction and to maintain the operat- 
ing speed in the 40us range. 


The internal DAC of the ICL7112 is designed around a 
radix of 1.85 rather than the traditional 2.00. This radix gives 
each bit of the DAC a weight of approximately 54% of the 
previous bit. The result is a useable range that extends to 
3% beyond the full-scale input of the A/D. The actual value 
of each bit is measured and stored in the on-chip PROM. 
The absolute value of each bit weight then becomes rela- 
tively unimportant because of the error correction action of 
the 1CL7112. 


The output of the high-speed auto-zeroed comparator is 
fed to the data input of a successive approximation register 
(SAR). This register is uniquely designed for the ICL7112 in 
that it tests bit pairs instead of individual bits in the manner 
of a standard SAR. At the beginning of the conversion cy- 
cle, the SAR turns on the MSB (D44) and the MSB-4 bit 
(D7). The sequence continues for each bit pair, B, and By.4, 
until only the four LSBs remain. The sequence concludes by 
testing the four LSBs individually. 

The SAR output is fed to the DAC register and to the 
preprogrammed PROM where it acts as PROM address. 
PROM data is fed to a full-adder/accumulator where the 
decoded results from each successive phase of the conver- 


sion are summed with the previous results. After 20 clock © 


cycles, the accumulator contains the final binary data which 
is latched and sent to the three-state output buffers. The 
accuracy of the A/D converter depends primarily upon the 
accuracy of the data that has been programmed into the 
PROM during the final test portion of the manufacturing pro- 
cess. 


The error correcting algorithm built into the ICL7112 re- 
duces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy re- 
quirements on the comparator which has been optimized for 
speed. Since the comparator is auto-zeroed, no external ad- 
justment is required to get ZERO code for ZERO input volt- 
age. 

Twenty clock cycles are required for the complete 12-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in prep- 
aration for the start of the next conversion. 

The overflow output of the full-adder is also the OVer- 
Range (OVR) output of the ICL7112. Unlike standard SAR- 
type A/D converters, the ICL7112 has the capability of pro- 
viding valid useable data for inputs that exceed the full- 
scale range by as much as 3%. 


NOTE: All typical values have been characterized but are not tested. 
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OPTIMIZING SYSTEM PERFORMANCE 


When using A/D converters with 12 or more bits of reso- 
lution, special attention must be paid to grounding and the 
elimination of potential ground loops. A ground loop can be 
formed by allowing the return current from the ICL7112’s 
DAC to flow through traces that are common to other ana- 
log circuitry. If care is not taken, this current can generate 
small unwanted voltages that add to or detract from the 
reference or input voltages of the A/D converter. 


Figures 5 and 6 show two different grounding techniques. 
Although the difference between the two circuits may not be 
readily apparent, the circuit of Figure 5 is very likely to have 
significant ground loop errors which the circuit of Figure 6 
avoids. In Figure 5, the supply currents for analog ground, 
digital ground, and the reference voltage all flow through a 
lead common to the input. This will generate a DC offset 
voltage due to the currents flowing in the resistance of the 
common lead. This offset voltage will vary with the input 
voltage and with the digital output. Even the auto-zero loop 
of the ICL7112 cannot remove this error. 


Figure 6 shows a much better arrangement. The out 
and reference currents do not flow through the input com- 
mon lead, eliminating any error voltages. Note that the sup- 
ply currents and any other analog system currents must 
also be returned carefully to analog ground. The clamp di- 
odes will protect the ICL7112 against signals which could 
result from separate analog and digital grounds. The abso- 
lute maximum voltage rating between AGND and DGND is 
+1.0V. The two inverse-parallel diodes clamp this voltage 
to less than +0.7V. 


INPUT WARNING 


As with any CMOS integrated circuit, no input voltages 
should be applied to the ICL7112 until the +5V power sup- 
plies have stabilized. 


INTERFACING TO DIGITAL SYSTEMS 


The ICL7112 provides three-state data output buffers, 
CS, RD, WR, and bus select inputs (Ag and BUS) for inter- 
facing to a wide variety of microcomputers and digital sys- 
tems. The I/O Control Truth Table shows the functions of 
the digital control lines. The BUS select and Apo lines are 
provided to enable the output data onto either 8-bit or 16-bit 
data buses. A conversion is initiated by a WR pulse (pin 33) 
when CS (pin 3) is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 


Figure 7 illustrates a typical interface to an 8-bit micro- 
computer. The “Start and Wait” operation requires the few- 
est external components and is initiated by a low level on 
the WR input to the ICL7112 after the 1/O or memory- 
mapped address decoder has brought the CS input low. Af- 
ter executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7112, the proc- 
essor issues two consecutive bus addresses to read output 
data into two bytes of memory. A low level on Ag enables 
the LSBs and a high level enables the MSBs. 


ICL7112 


ICL7112 


SOURCE = (CL7112 


VREF 


0107-5 
Figure 5: Improper Grounding Technique Will Cause Ground Loop Errors 


Vin 


ICL7112 


VREF 


-AGND 


0107-6 
Figure 6: Recommended Grounding Technique to Eliminate Ground Loop Errors 


NOTE: All typical values have been characterized but are not tested. 
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Figure 7 


NOTE: All typical values have. been characterized but are not tested. 
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By adding a three-state buffer and two control gates, the 
End-of-Conversion (EOC) output can be used to control a 
“Start and Poll” interface (Figure 8). In this mode, the Ag 
and CS lines connect the EOC output to the data bus along 
with the most significant byte of data. After pulsing the WR 


line to initiate a conversion, the microprocessor continually - 


reads the most significant byte until it detects a high level 
on the EOC bit. The “Start and Poll” interface increases 
data throughput compared with the “Start and Wait” meth- 
od by eliminating delays between the conversion termina- 
tion and the microprocessor read operation. 


Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting or polling operations by using the EOC line as 
an interrupt generator as shown in Figure 9. After the con- 
version cycle is initiated, the microprocessor can continue 
to execute routines that are independent of the A/D con- 
verter until the converter’s output register actually holds val- 
id data. For fastest data throughput, the 1CL7112 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (DMA) controller as shown in Fig- 
ure 10. 


APPLICATIONS 


Figure 11 shows a typical application of the ICL7112 12- 
bit A/D converter. A bipolar input voltage range of + 10V to 
—10V is the result of using the current through Ro to force a 
¥% scale offset.on the input amplifier (A). The output of A; 
swings from OV to —10V. The overall gain of the A/D is 
varied by adjusting the 100k trim resistor, Rs. Since the 
ICL7112 is automatically zeroed every conversion, the sys- 
tem gain and offset stability will be superb as long as a 
reference with a tempco of 1ppm/°C and stable external 
resistors are used. 


It is important to note that since the 7112’s DAC current 
flows in Aj, the amplifier should be a wideband 
(GBW> 20MHz) type to minimize errors. 


The clock for the ICL7112 is taken from whatever system 
clock is available and divided down to the level for a con- 


NOTE: All typical values have been characterized but are not tested. ' 
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version time of 40 xs. Output data is controlled by the BUS 
and Ag inputs. Here they are set for 8-bit bus operation with 
BUS grounded and Apo under the control of the address de- 
code section of the external system. 


Because the ICL7112’s internal accumulator generates 
accurate output data for input signals as much as 3% great- 
er than full-scale, and because the converter’s OVR output 
flags overrange inputs, a simple microprocessor routine can 
be employed to precisely measure and correct for system 
gain and offset errors. Figure 12 shows a typical data acqui- 
sition system that uses a 10.0V reference, input signal multi- 
plexer, and input signal Track/Hold amplifier. Two of the 
multiplexer’s input channels are dedicated to sampling the 
system analog ground and reference voltage. .Here, as in 
Figure 11, bipolar operation is accommodated by an offset 


resistor between the reference voltage and the summing. 


junction of A,. A flip-flop in |C3 sets |Ca’s Track/Hold input 


after the microprocessor has initiated a WR command, and . 


resets when EOC goes high at the end of the conversion. 


The first step in the system calibration routine.is to’select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL7112. The 
results represent the system offset error which comes from 
the sum of the offsets from ICy, IC5, and Aj. Next the chan- 
nel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc- 
tion factor can be derived from this data. Since the 1CL7112 
provides valid data for inputs that exceed full-scale by as 
much as 3%, the OVR output can be thought of as a valid 
13th data bit. Whenever the OVR bit is high, however, the 
total 12-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103% of 
full-scale should be discarded. 


CLOCK CONSIDERATIONS 


The ICL7112 provides an internal inverter which is 
brought out to pins OSC1 and OSC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is calcu- 
lated from: 


20 


tconv 


fcLK= 


ICL7112 


ICL7112 


1CL7112 


EOC 


BUS 
Do-D7 Dg-D11 OVR 


DATA BUS 


END OF 
_— CONVERSION 


“ SF aT, 
$5050 
ree 
B00 52552505 
9.9.0.0, 9.2. 


START POLL READ READ 
CONVERSION — HIGH BYTE HIGH BYTE 


Figure 8: ‘Start and Poll’ Operation 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: Using EOC as an Interrupt 


NOTE: All typical values have been characterized but are not tested. 
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Figure 10: Data to Memory via DMA Controller 


NOTE: All typical values have been characterized but are not tested. 
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ICL7112 
14 
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LO O 
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AGND 5 | DECODE 
COMP V™~ DGND BUS 


_ 36 7 6 
DIODES 1N914 Pins 1, 20, 21, 22, 23, 24, 40 
No Connections 


DIGITAL 
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Figure 11: Typical Application with Bipolar Input Range, Forced Ground, and 10 Volt Uitra-Stable Reference 


0107-16 


Figure 12: Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Multiplexer for 
System Gain and Offset Error Correction 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The ICL7115 is the first monolithic 14-bit resolution, fast 
successive approximation A/D converter. It uses thin film 
resistors and CMOS circuitry combined with an on-chip 
PROM calibration table to achieve +0.009% linearity with- 
out laser trimming. Special design techniques used in the 
DAC and comparator result in high speed operation, while 
the fully static silicon-gate CMOS circuitry keeps the power 
dissipation very low. 


Microprocessor bus interfacing is made easy by the use 
of standard WRite and ReaD cycle timing and control sig- 
nals, combined with Chip Select and Address pins. The digi- 
tal output pins are byte-organized and three-state gated for 
bus interface to 8 and 16-bit systems. 


The ICL7115 provides separate Analog and Digital 
grounds. Analog ground, voltage reference and input volt- 
age pins are separated into force and sense lines for in- 
creased system accuracy. Operating with + 5V supplies, the 
ICL7115 accepts OV to + 10V input with a —10V reference 
or OV to — 10V input with a + 10V reference. 


ICL7115 

14-Bit High-Speed 
CMOS yuP-Compatible 
A/D Converter 


FEATURES 
© 14-Bit Resolution (LSB = 610 »V) 
® No Missing Codes to 14 Bits 


® Microprocessor Compatible Byte-Organized Buffered 
Outputs 


© Fast Conversion (40s) 

© Auto-Zeroed Comparator for Low Offset Voltage 
© Low Linearity and Gain Error 

© Low Power Consumption (60mW) 

® No Gain or Offset Adjustment Necessary 

® Provides 3% Useable Overrange 


© FORCE/SENSE and Separate Digital and Analog 
Ground Pins for Increased System Accuracy 


ORDERING INFORMATION 


Resolution() 
with No 
Missing Codes 


Part 


Package 
Number g 


ICL7115JCDL 
ICL7115KCDL 
ICL7115LCDL 


12 Bits 
13 Bits 
14 Bits 


0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 


40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 


ICL7115JIDL 
ICL7115KIDL 
ICL7115LIDL 


ICL7115JMDL 
ICL7115KMDL 
ICL7115LMDL 
ICL7115JMLL 

ICL7115KMLL 


12 Bits 
13 Bits 
14 Bits 


12 Bits 
13 Bits 
14 Bits 
12 Bits 
13 Bits 


— 25°C to + 85°C 
—25°C to + 85°C 
— 25°C to + 85°C 


— 55°C to + 125°C} 40 Pin Ceramic 
—55°C to + 125°C | 40 Pin Ceramic 
—55°C to + 125°C | 40 Pin Ceramic 
—-55°C to + 125°C} 40PinLCC 
— 55°C to + 125°C} 40 PinLCC 


NOTE 1: Specified at 25°C. 


7 
17-8IT SAR 
CONTROL LOGIC 
; rte i 
THREE- 
LAAs STATE 
"7 ‘ 15 


PROM 17 OUTPUTS 


Ww 


Figure 1: 1CL7115 Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301659-005 


NOTE: Alf typical values have been characterized but are not tested. 4-118 


ICL7115 °% 
~~ 
ps 
oi 
ABSOLUTE MAXIMUM RATINGS (Note 1) oO 
Supply Voltage V+ toDGND ........... —0.3V to +6.5V Operating Temperature Range 
Supply Voltage V- toDGND ........... +0.3V to —6.5V IGT WIS ACKX och beak Vaweene se hek a ees 0°C to + 70°C 
Vrers: VRerf Vins, VinstoDGND ........ +25V to —25V ICL TI TSXIXK: nines ceca vet eadeeas — 25°C to + 85°C 
AGNDs, AGND; to DGND °................ +1V to -—1V ICL7115XMXX ...... eee eee ee eee — 55°C to + 125°C 
Current in FORCE and SENSE Lines~.............. 25mA .. Storage Temperature Range ....:..... —65°C to + 150°C 
Digital 1/O.Pin Voltages ............ —0.3V toVt +0.3V': Power Dissipation ...........ccccceenceeeeeeees 500mW 
PROG to DGND Voltage. .............. V- toVt +0.3V derate above 70°C @ 10mW/°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE 1: All voltages with respect to DGND, unless otherwise noted. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Pin Configuration 


NOTE: All typical values have been characterized but are not tested. 
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Symbol Test-Conditions 
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ELECTRICAL CHARACTERISTICS — | 
Test Conditions: Vt = +5.0V,V~ = —5.0V, Vref = —10.0V, Ta = +25°C, Foy, = 500KHz unless otherwise noted. 


ACCURACY 


Resoution | 
Resolution with No |{(Notes 1, 2, 3). Rmj 12 
Missing Codes Tmin—Tmaxj 11 
Integral Linearity |(Notes 1, 2) Rm 
Error Tmin-—Tmax 


Unadjusted 
Full Scale Error 


He i+ 
aa 
a) 
NM ® 


| 
oye 
. pS 
oi 


a, 


E Zero Error (Notes 1,2) » Rm 
Tmin—Tmax 


Input Resistance |(Notes 2, 3) 


c(Rin) - | Temperature 
Tmin— 
. |Coefficient of Rin dai tna] 


Analog Reference 


| 
oe) 
ro) 
rs) 

| 
i) 
ro} 
fo) 

A) 
Ke] 
3 
~ 
° 
2) 


vt,V =4.5V-5:5V Rm 
Tmin—Tmax 


Low State Tmin-Tmax 
Input Voltage 

eign orale Tmin—Tmax| 2.4 
Input Voltage 


ed fof 


Cin Logic Input 
Capacitance 


el 
om 


:‘NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: Vt = +5.0V,V~ = —5.0V,-Vie¢ = —10.0V, Ta = +25°C, Foy, = 500kKHz unless otherwise noted. 
(Continued) 


Symbol Test Conditions 


LOGIC OUTPUT 


Low State Output lout = 1.6mA 
Voltage Tmin- Tmax : 
High State Output lout = —200 pA 
Voltage Tmin-—Tmax]| 2.8 2.8 2.8 


Functional 
Operation Only 


NOTE 1: Full-scale range (FSR) is 10V (reference adjusted). 
2: Assume all leads soldered or welded to printed circuit board. 
3: Guaranteed, not tested. 
4: Typical values are not tested, for reference only. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 3: Read Cycle Timing 
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SS = vowT care 


Figure 4: Write Cycle Timing 


AC ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: V* = +5.0V, V~ = —5.0V, Vref = —10.0V, Foy, = 500kHz, Ta = +25°C unless otherwise noted. Data 
derived from extensive characterization testing. Parameters are not production tested. 


[symbor | Parameter | _Testonaitions | win | tye | wax | Unite 
READ CYCLE TIMING — 

tes | Prop. Delay Stobata——«; «RD Low An Vaid 

tes | Prop. Delay AgtoData———*(| ‘Slow ROuow «did 

Pa | Prop. DelayADtoData + “CSLowAgvaid «dS 

| eel 


Prop. Delay Data to Three State | ete ae eed 
Prop. DelayEOCHightoData | 


WRITE CYCLE TIMING 


| tw | WRLow Time ra 


tw 
| two | Prop.DelayWALowtoEOCLow | WaitMode | 1 
| teo | EOCHighTime | Froe-RunMode | 05 
| teow | ConversionTime | 
L fox | Glock Frequency | Functional Operation Only |_| 


NOTE: All typical values have been characterized but are not tested. 
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TABLE 1: PIN DESCRIPTIONS 


[PIN | NAME FUNCTION 
FORCE line for reference input. 


AGND; | FORCE input for analog ground 


3 CS_ | Chip Select enables reading and writing 
(active low) 
4 | AD | ReaD (active low) 


9 | Byte select (low= Dp - D7, 

high = Dg - Dy3, OVR) 

Bus select (low = outputs enabled by Ao, 
high = all outputs enabled together) 


DGND | Digital GrouND return 


US 


Bit 13 (most significant bit) 


a Fs 
hm eo 


Bit 12 
Bit 11 
Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 


A, 


High Byte 


Output 
Data 
Bits 
(High = True) 


sj 


ws) a 
() 


Low Byte 


~ OD 


Big 


25 | EOC | End Of Conversion flag (low = busy, 
high = conversion complete) 

26 | OVR | OVerRange flag (valid at end of conversion 
when output code exceeds full-scale, three- 
state output enabled with high byte) 

Positive power supply input 

PROG | Used for programming only. Must tie to Vt 
for normal operation 

29 | TEST | Used for programming only. Must tie to V+ 
for normal operation 


a fafa fou foaw fu fou Ju fun |] oa ~ on 
ODI nlI nO ant RP 1] oO ]yM | +? | Oo 


(oe) + 


is) 


Ei 
—h 


Bit 0 (least significant bit) 


Used for programming only 
(Do not connect—Leave Open) 


nN 
(oe) 


28 


“J 


NOTE: All typical values have been characterized but are not tested. 


4-123 


ICL7115 


LPIN | NAME _| FUNCTION 
OSC1 Oscillator inverter input 
31 OSC2 Oscillator inverter output 


32 TEST 
~ 


VREFs 
39 SENSE line for analog ground 


*NOTE: The voltage on Caz is driven: 
Never connect directly to ground. 


TABLE 2: 1/O CONTROL 


CS|WR[RD|ag|Bus| FUNCTION, 
fol o|x|x| x fintiatesa Conversion 
fo] x|0]0| 0 LowByteistnabled 
fo} x|o]1| 0 |HighByteis enabled 
0} x [0 |x| 1 |Low and igh Bytes Enabled Together 


TABLE 3: TRANSFER FUNCTION 


INPUT VOLTAGE EXPECTED OUTPUT CODE 
+ 0.00000 O00000000000] O 
+ 0.00061 000000000000; 1 
+0.29968 | 0 | 0 |oo0011110104| 1 
+ 4.99939 O 4111111111111 
1 J/O00000000000 


+ 5.000 
+ 9.99878 411111111111 
1711111111111 


+ 9.99939 
000000000000 


+ 10.00000 
+ 10.00061 000000000000 


Used for programming only. Must tie 
to V* for normal operation. 


WRite pulse input (low starts new 
conversion) 


Auto-zero capacitor connection* 
Negative power supply input 
Used in test, tie to V— 

SENSE line for input voltage 


SENSE line for reference input 


© {;~a!}ad |W] wo 
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DETAILED DESCRIPTION 


The ICL7115 is basically a successive approximation A/D 
converter with an internal structure much more complex 
than a standard SAR-type converter. Figure 1 shows the 
functional diagram of the ICL7115 14-bit A/D converter. 
The additional circuitry incorporated into the ICL7115 is 
used to perform error correction and to maintain the operat- 
ing speed in the 40us range. 


The internal 17-bit DAC of the ICL7115 is designed 
around a radix of 1.85 rather than the traditional 2.00. This 
radix gives each bit of the DAC a weight of approximately 
54% of the previous bit. The result is a useable range that 
extends to 3% beyond the full-scale input of the A/D. The 
actual value of each bit is measured and stored in the on- 
chip PROM. The absolute value of each bit weight then be- 
comes relatively unimportant because of the error correc- 
tion action of the ICL7115. 


The output of the high-speed auto-zeroed comparator is 
fed to the data input of a 17-bit successive approximation 
register (SAR). This register is uniquely designed for the 
ICL7115 in that it tests bit pairs instead of individual bits in 
the manner of a standard SAR. At the beginning of the con- 
version cycle, the SAR turns on the MSB (B46) and the 
MSB-4 bit (B12). The sequence continues for each bit pair, 
B, and By,.4, until only the four LSBs remain. The sequence 
concludes by testing the four LSBs individually. 


The SAR output is fed to the DAC register and to the 
preprogrammed 17-word by 17-bit PROM where it acts as 
PROM address. PROM data is fed to a 17-bit full-adder/ac- 
cumulator where the decoded results from each successive 
phase of the conversion are summed with the previous re- 
sults. After 20 clock cycles, the accumulator contains the 
final binary data which is latched and sent to the three-state 
output buffers. The accuracy of the A/D converter depends 
primarily upon the accuracy of the data that has been pro- 
grammed into the PROM during the final test portion of the 
manufacturing process. 


The error correcting algorithm built into the ICL7115 re- 
duces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy re- 
quirements on the comparator which has been optimized for 
speed. Since the comparator is auto-zeroed, no external ad- 
justment is required to get ZERO code for ZERO input volt- 
age. 

Twenty clock cycles are required for the complete 14-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in prep- 
aration for the start of the next conversion. 


The overflow output of the 17-bit full-adder is also the 
OVerRange (OVR) output of the 1CL7115. Unlike standard 
SAR-type A/D converters, the ICL7115 has the capability of 
providing valid useable data for inputs that exceed the full- 
scale range by as much as 3%. 


OPTIMIZING SYSTEM PERFORMANCE 


The FORCE and SENSE inputs for Vij and Vr_er are also 
shown driven by external op-amps. This technique elimi- 


NOTE: All typical values have been characterized but are not tested. 
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nates the effect of small voltage drops which can appear 
between the input pin of the IC package and the actual re- 
sistor on the chip. If the small gauge wire and the bonds 
that connect the chip to its package have more than 300m 
of total series resistance, the result can be a voltage error 
equivalent to 1LSB. If no op-amps are used for Vij and 
Vref, connections should be made directly to the SENSE 
lines. The external op-amps also serve to transform the rel- 
atively low impedance at the Viy and Vref pins into a high 
impedance. The input offset voltages of these amplifiers 
should be kept low in order to maintain the overall A/D con- 
verter system accuracy. 


When using A/D converters with more than 12 bits of 
resolution, special attention must be paid to grounding and 
the elimination of potential ground loops. A ground loop can 
be formed by allowing the return current from the ICL7115’s 
DAC to flow through traces that are common to other ana- 
log circuitry. If care is not taken, this current can generate 
small unwanted voltages that add to or detract from the 
reference or input voltages of the A/D converter. 


Ground loops can be eliminated by the use of the analog 
ground FORCE and SENSE lines provided on the ICL7115 
as shown in Figures 5 and 6. In Figure 5 the FORCE line is 
the only point that is connected to system analog ground. In 
Figure 6, the op-amp Ag forces the voltage at AGND to be 
equal to analog system ground. The addition of this op-amp 
overcomes the main deficiency of the arrangement in Fig- 
ure 5: the Vin and Vr_er sources are not referenced to true 
analog system ground. 


The clamp diodes in Figure 6 are required because spuri- 
ous op-amp output on AGNDf during power-on can exceed 
the absolute max rating of +1.0V between AGDf and 
DGND. The two inverse-parallel diodes clamp the voltage 
between AGNDs and DGND to +£0.7V. 


INPUT WARNING 


As with any CMOS integrated circuit, no input voltages 
should be applied to the ICL7115 until the +5V power sup- 
plies have stabilized. 


INTERFACING TO DIGITAL SYSTEMS 


__The ICL7115 provides three-state data output buffers, 
CS, RD, WR, and bus select inputs (Ag and BUS) for inter- 
facing to a wide variety of microcomputers and digital sys- 
tems. The |/O Control Truth Table shows the functions of 
the digital control lines. The BUS select and Ao lines are 
provided to enable the output data onto either 8-bit or 16-bit 
data buses. A conversion is initiated by a WR pulse (pin 33) 
when CS (pin 3) is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 


Figure 7 illustrates a typical interface to an 8-bit micro- 
computer. The “Start and Wait’ operation requires the few- 
est external components and is initiated by a low level on 
the WR input to the ICL7115 after the I/O or memory- 
mapped address decoder has brought the CS input low. Af- 
ter executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7115, the proc- 
essor issues two consecutive bus addresses to read output 
data into two bytes of memory. A low level on Ag enables 
the LSBs and a high level enables the MSBs. 


ICL7115 


ICL7115 


Vin 


+ 
SOURCE . 


VReF 
SOURCE 4 


SOURCE 4 


Figure 6: Using a Forced Ground 


NOTE: All typical values have been characterized but are not tested. 
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OATA BUS 


as 


START READ 
CONVERSION LOW BYTE 


Figure 7: “Start and Wait” Operation 


NOTE: All typical values have been characterized but are not tested. 
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By adding a three-state buffer and two contro! gates, the 
End-of-Conversion (EOC) output can be used to control a 
“Start and Poll’ interface (Figure 8). In this mode, the Ag 
and CS lines connect the EOC output to the data bus along 
with the most significant byte of data. After pulsing the WR 
-line to initiate a conversion, the microprocessor continually 
reads the most significant byte until it detects a high level 
on the EOC bit. The “Start and Poll” interface increases 
data throughput compared with the “Start and Wait” meth- 
od by eliminating delays between the conversion termina- 
tion and the microprocessor read operation. 


Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting or polling operations by using the EOC line as 
an interrupt generator as shown in Figure 9. After the con- 
version cycle is initiated, the microprocessor can continue 
to execute routines that are independent of the A/D con- 
verter until the converter’s output register actually holds val- 
id data. For fastest data throughput, the I1CL7115 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (DMA) controller as shown in Fig- 
ure 10. 


APPLICATIONS 


Figure 11 shows a typical application of the 1CL7115 14- 
bit A/D converter. A bipolar input voltage range of +5V to 
— 5V is the result of using the current through Ro to force a 
1% scale offset on the input amplifier (Az). The output of Ao 
swings from OV to —5V. The overall gain of the A/D is var- 
ied by adjusting the 100k trim resistor, Rs. Since the 
ICL7115 is automatically zeroed every conversion, the sys- 
tem gain and offset stability will be superb as long as a 
reference with a tempco of ippm/°C and stable external 
resistors are used. 


In Figure 11, note that the 0.22uF auto-zero capacitor is 
connected directly between the Caz pin and analog ground 
SENSE. Ag forces the analog ground of the ICL7115 to be 
the zero reference for the input signal. Its offset voltage is 
not important in this example because the voltage to be 
digitized is referred to the analog ground SENSE line rather 
than system analog ground. It is important to note that since 
the 7115’s DAC current flows in Aj, Ag and Ag these ampli- 
fiers should be wideband (GBW> 20MHz) types to minimize 
errors. 


The clock for the ICL7115 is taken from whatever system 
Clock is available and divided down to the 500kHz level for 


NOTE: All typical values have been characterized but are not tested. 
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a conversion time of 40s. Output data is controlled by the 
BUS and Apo inputs. Here they are set for 8-bit bus operation 
with BUS grounded and Apo under the control of the address 
decode section of the external system. 


Because the ICL7115’s internal accumulator generates 
accurate output data for input signals as much as 3% great- 
er than full-scale, and because the converter’s OVR output 
flags overrange inputs, a simple microprocessor routine can 
be employed to precisely measure and correct for system 
gain and offset errors. Figure 12 shows a typical data acqui- 
sition system that uses a 5.0V reference, input signal multi- 
plexer, and input signal Track/Hold amplifier. Two of the 
multiplexer’s input channels are dedicated to sampling the 
system analog ground and reference voltage. Here, as in 
Figure 11, bipolar operation is accommodated by an offset 
resistor between the reference voltage and the summing 
junction of Aj. A flip-flop in IC3 sets ICo’s Track/Hold input 
after the microprocessor has initiated a WR command, and 
resets when EOC goes high at the end of the conversion. 


The first step in the system calibration routine is to select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL7115. The 
results represent the system offset error which comes from 
the sum of the offsets from IC1, IC2, and A;. Next the chan- 
nel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc- 
tion factor can be derived from this data. Since the ICL7115 
provides valid data for inputs that exceed full-scale by as 
much as 3%, the OVR output can be thought of as a valid 


15th data bit. Whenever the OVR bit is high, however, the _ aRRAal 


total 14-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103% of 
full-scale should be discarded. 


The ICL7115 provides an internal inverter which is 
brought out to pins OSC1 and OSC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is calcu- 
lated from: 


20 
{CLK = for 14-bit operation 


conv 


ICL7115 


ICL7115 


ICL7115 


EOC 


BUS 
Do-D7 De-013 OVR 


<¢°ate'e*e°s"e%s%a°ore" “aren 
2 5.2526 BLY 


erarereteteteretey, 


START 
CONVERSION POLL 


Figure 8: 


NOTE: All typical values have been characterized but are not tested. 
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“Start and Poll” Operation 
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ADDRESS BUS 


ICL7115 


Do~Dz Dg-Dy; 


DATA BUS 
0337-11 


INTERRUPT 


WN / x 


AAs PADOA OS, 9, C8, i. Oy “% SAAC iP KO 
mesreereeren GES COD BO 


, 0,0, 
o o, ORY 
5 "9% OOO PYY? 


4 OOM 
“erarerere: “7 
050505tg nee ' er rare", 05070100000. 0. 0101000006, 
aaah ata aMe seta aMe®, SG . PRR RRR P 


6% 
(OOOO DOBASOHEOHEOHEOOS oe 


REAO 
LOW BYTE 


0337-12 
Figure 9: Using EOC as an Interrupt 


NOTE: All typical values have been charactenzed but are not tested. 
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END OF 
CONVERSION 


ICL7115 


AODRESS BUS 


OMA 
CONTROLLER 


DATA BUS 


READ 
LOW BYTE 


READ START 
HIGH BYTE CONVERSION 


Figure 10: Data to Memory via DMA Controller. 


NOTE: All typical values have been characterized but are not tested. 
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+5V 


PROG TEST TEST v* 


30 SYSTEM 
OSC DIVIDER CLOCK 


10V 
REFERENCE 


8-BIT 
DATA BUS 


INPUT VOLTAGE 
#+5V TO =5V 


LOO 


ANALOG 


— 43 
is | ADDRESS 
DECODE } 
GROUND = 


piopes 1no14 | 4 Pins 22, 23, 24 No 
Connection—Leave Open. 


DIGITAL 
GROUND 0337-15 


Figure 11: Typical Application with Bipolar Input Range, Forced Ground, and 10 Volt Ultra-Stable Reference 


ADDRESS BUS 


REFERENCE 
5.000V 


f ADORESS 
DECOOE 


tCL7115 


ANALOG 
INPUTS 


DATA BUS 


0337-16 
Figure 12: Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Multiplexer for 
System Gain and Offset Error Correction 


NOTE: All typical values have been characterized but are not tested. 
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DATA ACQUISITION 


A/D CONVERTERS FLASH 


CA3304 CMOS Video-Speed 4-Bit Flash A/D Converter ............ 0.0.00. e eee 5-2 
CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter ............... 000200 5-12 
CA3318 CMOS Video-Speed 8-Bit Flash A/D Converter ................000000 cee 5-26 
HI-5700 8-Bit, 2OMSPS Flash A/D Converter ....... 0.0... ccc ee eens 5-37 
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GENERAL DESCRIPTION <p(Qi~ aM aie 
The Harris CA3304 is a CMOS parallels LASH)élialog- 


hi 


to-digital converter designed for applicatigns ‘demanding - 


both low-power consumption and high-speed digitization. 
Digitizing at 25 MHz, for example, requires only about 
35 mW. . 
The CA3304 operates over a wide, full-scale signal input- 
voltage range of 1% volt up to the DC supply voltage. Power 
consumption is as low as 10 mW, depending upon the clock 
frequency selected. . 


The intrinsic high conversion rate makes the CA3304 
types ideally suited for digitizing high-speed signals. The 
overflow bit makes possible the connection of two or more 
CA3304s in series to increase the resolution of the conver- 
sion system. A series connection of two CA3304s may be 
used to produce a 5-bit, 25 MHz converter. Operation of two 
CA3304s in parallel doubles the conversion speed (i.e., in- 
creases the sampling rate from 25 MHz to 50 MHz). A data 
change pin indicates when the present output differs from 
the previous, thus allowing compaction of data storage. 


Sixteen paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known refer- 
ence to produce the parallel-bit outputs in the CA3304. Fif- 
teen comparators are required to quantize all input voltage 
levels in this 4-bit converter, and the additional comparator 
is required for the overflow bit. 


ORDERING INFORMATION 


16 LEAD CERAMIC DIP 
16 LEAD PLASTIC DIP 
16 LEAD SOIC 


DATA CHANGE (DC) 
OVERFLOW (OF) 
CE2 


Yss 


Part Linearity Sampling Temperature 
Number (INL, DNL) Rate Range Package 
CA3304E +0.25 LSB 25MHz (40ns) -40°C to +85°C 16 Pin Plastic DIP 
CA3304AE +0.125 LSB 25MHz (40ns) -40°C to +85°9C 16 Pin Plastic DIP 


CA3304AM +0.125LSB 25MHZ (40ns) -40°C to +85°C 16 Pin Plastic SOIC 
CA3304D +0.25 LSB 25MHz (40ns) -55°9C to +125°C 16 Pin Ceramic DIP 


on none WwW NS 


FEATURES 


© CMOS/SOS Low Power with Video Speed (25 mW 
typ) 

® Parallel Conversion Technique 

® Single Power Supply Voltage (3V to 7.5V) 

@ 25 MHz Sampling Rate (40 ns Conversion Time) at 5V 
Supply 

© 4-Bit Latched 3-State Output with Overflow and Data 
Change Outputs . 


© 4% LSB Maximum Nonlinearity (A Version) 


® inherent Resistance to Latch-Up Due to SOS 
Process 


® Bipolar Input Range with Optional Second Supply 


APPLICATIONS 

® TV Video Digitizing (Industrial/Security) 
® High-Speed A/D Conversion 

® Ultrasound Signature Analysis 
© Transient Signal Analysis 

® High-Energy Physics Research 
® General-Purpose Hybrid ADCs 
® Optical Character Recognition 
® Radar Pulse Analysis 

© Motion Signature Analysis 

® Robot Vision 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage Range (Vpp or Vaat) 
(Voltage Referenced to Vss or Vaa~ Terminal, 


Whichever, is More Negative) ........... —0.5V to + 8V 
Input Voltage Range 

CE1, CE2 Inputs............ Vss — 0.5V to Vpp + 0.5V 

Clock, Vaert, Vrer 

Vin INPUIS = isicc0cen +29 eevee Vaa.— 0.5V to Van + 0.5V 
DC Input Current 

Any Input................06. ieee raeeee ...£20mA 
Power Dissipation per Package (Pp) 

FOr T A = =59°C 10th 99S 225. barre con uanedes 315 mW 


For Ta = +55°C to + 125°C 
ee Tee ee eet eee Derate Linearly at 3.3 mW/°C 


Operating Temperature Range (Ta) © 


CA3304D, CA3304AD .............. — 55°C to + 125°C 


CA3304E, CA3304AE ................ — 40°C to + 85°C 


Vaat 


©) 


COUNT 


*CAB #161 
' 


04 
>. 

8! 

t 

' 

‘ 

' 

‘ 

‘ 

t 

t 

t 

' 

t 


1*CA 


eo, 
& 
)< 


wewrewrenewn ww wwe a] - & 


oye 


= le 
* CAB COMPARATOR #1 i ma 
$1 (AUTO BALANCE) 


$2 (SAMPLE UNKNOWN) 


*CASCADED AUTO BALANCE (CAB) 


COUNT 


CA3304, CA3304A 


Storage Temperature 
Range (Totg) .- +... - eee eee eee eee —65°C to + 150°C 


Lead Temperature (During Soldering) 
At Distance 4, in. + 2 in. 
(1.59mm +0.79mm) 
from Case for 10S Max........ 0.0... cece eee ee + 265°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Recommended Supply Voltage Range 


(VOD ORVAA® ) a2calquauteaneeanewsa piace 3V to 7.5V 
Recommended Vaat 

Voltage Range............... Vpp — 1V to Vpp + 2.5V 
Recommended Vasa 

Voltage Range ............... Vss — 2.5V to Vsg + 1V 


S=STATE 
DRIVERS 


$2 OUTPUT 
REGISTER 


Yop TI DATA 
Ga a ye) CHANGE 


(6) OVERFLOW 


(1) BIT 1.(LSB) 


(9) CEI 
(7) CE2 


0438~2 


NOTE: CE1 and CE2 inputs and data outputs have standard CMOS protection networks to Vpp and Vgg. Anaolog inputs and clock have standard CMOS 


protection networks to Vaat and Vaa 


Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 


CA3304, CA3304A 


CA3304, CA3304A 


‘ | Allowable Input Bandwidth 


 CA3304, CA3S304A 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, Vref? = 2V, Vpp = Vaat = 5V,Vaa” = VRer~ = 


Vss = GND, foLk = 25 MHz unless noted otherwise. 


Parameter 


Resolution 


Input Errors CA3304A 
Differential Linearity 
| Error 


Test 
Conditions 


pon 
| | 0.125 
ee 
|_| #0.128 
LSB 


Offset Error (Unadjusted) | CA3304A 
CA3304 


Gain Error (Unadjusted) | CA3304A 
CA3304 
Input Range (Note 4) 


< 
> 
> 
+ 
oO 
n 


-_- 


Note 4) 
Full-Scale Input Range Note 1, 4) 


Input Loading | Input Capacitance 
Input Current Vin = 2.0V (Note 2) 


Resistor Ladder Impedance Vin = 5V, 
CLK = Low 


Maximum Conversion Speed CLK = Square Wave 


~“-«~ 


< 

Oo |P 

orl 
— 


o 
pS 
io) 


Conversion - 
Timing Auto-Balance Time (1) 


ro) 
= 
2) 
U 
” 


Sample Time (2) 
Aperture Delay | 


= 


QO 
>) 


(Note 4) 


Output Timing ote 4) 
[DataHoldTime | (Noto 4) 


Output Disable Time 


MN | 
a1 | © 


fl NO 
on © 
oOo; fe |] os aN a 


Device Current, laa Continuous Clock 


Continuous 2 mA 


Continuous 1 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS at Ta = 25°C, Vaert = 2V, Vpp = Vaat = 5V,Vaaq~ = VRer~ = 
Vss = GND, foik = 25 MHz unless noted otherwise. (Continued) 


Test 


Parameter ae 
Conditions 


Device Current, Ipp 


Vaat = BV, 
Vss = CEI = Vaq~ = CLK = GND 


<q 
ef 
° 
o 
° 
q 
6) 
ef 
° 
o 
© 
q 
6) 


Digital Inputs 


Minimum Vin, High 


GET, CE2 
Digital Outputs 
3-State Leakage Current 


NOTES 1: Full-scale input range, Vag¢* — Vaer~, may be in the range of 0.5V to Vaat — Vaa™ volts. Linearity errors increase at lower full-scale ranges, 
however. 


2: Input current is due to energy transferred to the input at the start of the sample period. The average value is dependent on input and Vpp voltage. . 


3: The CLK input is a CMOS inverter with a 50 kQ. feedback resistor. It operates from the Vaa*+ and Vaa~ supplies. It may be AC-coupled with a 1V peak- 
to-peak minimum source. 


4: Parameter not tested, but guaranteed by design or characterization. 


DATA SHIFTED 
INTO OUTPUT REGISTERS 


COMPARATOR DATA 
LATCHED 
$1 $2 
1 AUTO . AUTO , AUTO 
CLOCK . BALANCE SAMPLE 1 BALANCE SAMPLE 2 BALANCE SAMPLE 3 
0 


souocnoe | 1 AXXXX rns XK ma KKK 


0 


tuo 
tp 


Figure 3: Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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CA3304, CA3304A 


ten tois 


HIGH HIGH 
IMPEDANCE IMPEDANCE 
) . HIGH 


,0 
me IMPEDANCE 


Figure 4: Output Enable/Disable Timing 


SAMPLE ENDS 


OUTPUT OLD DATA NEW DATA 
omencctiniel 


With $2 as standby state (fastest method, but standby limited to 5 »s maximum). - 


SAMPLE ENDS 


a ; 


OUTPUT OLD DATA OLD DATA + 1 NEW DATA 
cmmmoemend, 


(b) 


With $1 as standby state (indefinite standby, double pulse needed) 
SAMPLE ENDS 


CLOCK 


OUTPUT OLD DATA INVALID DATA 
remeel 


(c) 


With $2 as standby state (indefinite standby, lower power than 5b) : 
Figure 5: Pulse-Mode Timing Diagrams 


NOTE: All typical values have been characterized but are not tested. 


Table 1: Pin Description 


Bit 1 (LSB) 


Output 
Data 


Bits 


Bit 4 (MSB) 
(High = True) 


Data Change 


Overflow 


Three-state output enable input, 
active low. See Table 2. 


Digital Ground 


active ‘righ See Table 2. 


Reference Voltage Negative 
Input 


Analog Ground 
Clock Input 
Digital Power Supply, + 5V 


Table 2: Chip Enable Truth Table 


ee 
4 tree sate | vai 
[x [© | tiveostao | Theestao 


X = Don’t Care 


DEVICE OPERATION 


A sequential parallel technique is used by the CA3304 
converter to obtain its high-speed operation. The sequence 
consists of the ‘Auto Balance”’ phase and the ‘Sample Un- 
known” phase (Refer to the circuit diagram). Each conver- 
sion takes one clock cycle.* The “Auto Balance” (1) oc- 
curs during the Low period of the clock cycle, and the 
“Sample Unknown” ($2) occurs during the High period of 
the clock cycle. 

*Note: This device requires only a single-phase clock. The terminology of 
$1 and $2 refers to the High and Low periods of the same clock. 


NOTE: All typical values have been characterized but are not tested. 
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During the “Auto Balance” phase, a transmission-gate 
switch is used to connect each of 16 commutating capaci- 
tors to their associated ladder reference tap. Those tap volt- 
ages will be as follows: 


Vtap(N) = [(VRer/16) x N] — [VRer/(2 x 16)] 
= Veer [(2N — 1)/32] 
Where: Vtap(N) = Reference ladder tap voltage at point N. 
Vrer = Voltage across Vage— to Vagrt 
N = Tap number (1 through 16) 


The other side of the capacitor is connected to a single- 
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately (Vpp — Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 


In the ‘“Sample Unknown’”’ phase, all ladder tap switches 
are opened, the comparator amplifiers are no longer short- 
ed, and Vix is switched to all 16 capacitors. Since the other 
end of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators whose tap voltages were lower than Vij 
will drive the comparator outputs to a “low” state. All com- 
parators whose tap voltages were higher than Vjy will drive 
the comparator outputs to a “high” state. A second, capaci- 
tor-coupled, auto-zeroed amplifier further amplifies the out- 
puts. 


The status of all these comparator amplifiers are stored 
at the end of this phase ($2), by a secondary latching ampli- 
fier stage. Once latched, the status of the 16 comparators is 
decoded by a 16-to-5-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
2. 

If the input is greater than 31/32 x Vprer, the overflow 
output will go ‘high’. (The bit outputs will remain high). If 
the output differs from that of the previous conversion, the 
data change output will go “high’’. 


A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B4 when it is ina 
high state. CE2 will independently disable B1 through B4 
and the OF and DC buffers when it is in the low state. 


CONTINUOUS CLOCK OPERATION 


One complete conversion cycle can be traced through 
the CA3304 via the following steps. (Refer to timing diagram 
Figure 3). The rising edge of the clock input will start a 
“sample” phase. During this entire “High” state of the 
clock, the 16 comparators will track the input voltage and 
the 16 latches will track the comparator outputs. At the fall- 
ing edge of the clock, all 16 comparator outputs are cap- 
tured by the 16 latches. This ends the ‘‘sample”’ phase and 
starts the ‘‘auto balance’”’ phase for the comparators. Dur- 
ing this “Low” state of the clock the output of the latches 
propagates through the decode array and a 6-bit code ap- 
pears at the D inputs of the output registers. On the next 
rising edge of the clock, this 6-bit code is shifted into the 
output registers and appears with time delay tg as valid data 
at the output of the 3-state drivers. This also marks the start 
of a new “‘sample”’ phase, thereby repeating the conversion 
process for this next cycle. 
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PULSE MODE OPERATION 


For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse mode in one of 
three ways. The fastest method is to keep the converter in 
the Sample Unknown phase, $2, during the standby state. 
The device can now be pulsed through the Auto Balance 
phase with as little as 20ns. The analog value is captured 
on the leading edge of $1 and is transferred into the output 
registers on the trailing edge of 61. We are now back in the 
standby state, 62, and another conversion can be started 
within 20ns, but not later than 5us due to the eventual 
droop of the commutating capacitors. Another advantage of 
this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between 2 and 41, 
the lower the power consumption. (See timing diagram Fig- 
ure 5a). 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay indefi- 
nitely waiting to start a conversion. A conversion is per- 
formed by strobing the clock input with two 2 pulses. The 
first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second ¢2 pulse is needed to transfer the date into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 40ns, but 
the repetition rate may be as slow as desired. The disadvan- 
tage to this method is the slightly higher device dissipation 
due to the low ratio of 62 to $1. (See timing diagram Figure 
5b). 

For applications requiring both indefinite standby and low- 
est power, standby can be in the #2 (Sample Unknown) 
state with two $1 pulses to generate valid data (see Figure 
5c). The conversion process now takes 60ns. [Note that the 
above numbers do not include the tp (Output Delay) time.] 


INCREASED ACCURACY 


In most cases the accuracy of the CA3304 should be suf- 
ficient without any adjustments. In applications where accu- 
racy is of utmost importance, two adjustments can be made 
to obtain better accuracy; i.e., offset trim and gain trim. 


OFFSET TRIM 


‘In general offset correction can be done in the preamp 
circuitry by introducing a DC shift to Vij, or by the offset trim 
of the op-amp. When this is not possible the Vagr— input 
can be adjusted to produce an offset trim. 

The theoretical input voltage to produce the first transition 
is % LSB. The equation is as follows: . 

Vin (0 to 1 transition) = Y2LSB = % (Vper/16) 

. = Vag /32 

Adjust offset by applying this input voltage and adjusting 
the VaeF~ voltage or input amplifier offset until an output 
code alternating between O and 1 occurs. 


NOTE: Alf typical values have been characterized but are not tested. 
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GAIN TRIM 


In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op-amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, Vij should be set to the 15 to overflow transition. 
That voltage is 14 LSB less than Vaget and is calculated 
as follows: 


Vin (15 to 16 transition) = Vaer — VrRer/32 


_ Vrer (31/32) 


To perform the gain trim, first do the offset trim and then 
apply the required Vij for the 15 to overflow transition. Now 
adjust Vpagert until that transition occurs on the outputs. 


LAYOUT, INPUT AND SUPPLY 
CONSIDERATIONS 


The CA3304 should be mounted on a ground-planed, 
printed-circuit board, with good high-frequency decoupling 
capacitors mounted as close as possible. If the supply is 
noisy, decouple Vaat with a resistor as shown in Figure 6a. 
The CA3304 outputs current spikes to its input at the start 
of the auto-balance and sample clock phases. A low imped- 
ance source, such as a locally-terminated 509 coax cable, 
should be used to drive the input terminal. A fast-settling 
buffer such as the HA-5033, HA-5242, or CA3450 should be 
used if the source is high impedance. The Vpgr terminals 
also have current spikes, and should be well bypassed. 


Care should be taken to keep digital signals away from 
the analog input, and to keep digital ground currents away 
from the analog ground. If possible, the analog ground 
should be connected to digital ground only at the CA3304. 


BIPOLAR OPERATION 


The CA3304, with separate analog (Vaat, Vaa~) and 
digital (Vpp, Vss) supply pins, allows true bipolar or nega- 
tive input operation. The Vaa~ pin may be returned to a 
negative supply (observing maximum voltage ratings to 
Vaat Or Vpp and recommended rating to Vss), thus allow- 
ing the Vrager— potential also to be negative. Figure 6b 
shows operation with an input range of —1V to +1V. Simi- 
larly, Vaat and Vraert could be maintained at a higher 
voltage than Vpp, for an input range above the digital sup- 


ply. 
DIGITAL INPUT AND OUTPUT LEVELS 


The clock input is a CMOS inverter operating from and 
with logic input levels determined by the Vaa supplies. If 
Vaat or Vaa— are outside the range of the digital supplies, 
it may be necessary to level shift the clock input to meet the 
required 30% to 70% of Vaaq input swing. Figure 6b shows 
an example for a negative Vaa~. 


An alternate way of driving the clock is to capacitively 
couple the pin from a source of at least 1V peak-to-peak. 
An internal 50 k9. feedback resistor will keep the DC level at 
the intrinsic trip point. Extremely non-symmetrical clock 
waveforms should be avoided, however. 


The remaining digital inputs and outputs are referenced to 
Vpp and Vss. If TTL or other lower voltage sources are to 
drive the CA3304, either pull-up resistors or CD74HCT se- 
ries “QMOS”’ buffers are recommended. 


I 


5-BIT RESOLUTION 


To obtain 5-bit resolution, two CA3304s can be wired to- 
gether. Necessary ingredients include an open-ended lad- 
der network, an overflow indicator, three-state outputs, and 
chip-enable controls—all of which are available on the 
CA3304. 


The first step for connecting a 5-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 7. Since the 
absolute-resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


2V REFERENCE 


REMOTE 
2V INTO 500 
SOURCE 


ANALOG 
“== GROUND 
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The overflow output of the lower device now becomes 
the fifth bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower 
A/D converter and the CE2 control of the upper A/D con- 
verter. The three-state outputs of the two devices (bits 1 
through 4) are now connected in parallel to complete the 
circuitry. 


+5V SUPPLY 


OUTPUT DATA 
CMOS CLOCK 


DIGITAL 
“= GROUND 


Figure 6a: Typical CA3304 Unipolar Circuit Configuration 
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Figure 6b: Typical CA3304 Bipolar Circuit Configuration 


NOTE: Ail typical values have been characterized but are not tested. 
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CA3304, CA3304A 


pc 
OF 
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CEI 
CE2 


+ FULL SCALE 
REFERENCE 


BUFFER 
ADJUST 
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CA3304 
Figure 7: Typical CA3304 5-Bit Configuration 


Input Voltage (V) Output Code 


| ae a 
Code Description VREF * 1 bi 2vV 3.2V | 4. ed Count 
VREF = — a OV OV 


Yo Full Scale — 1 LSB 
Yo Full Scale 
VY Full Scale + 1 LSB 


@eesoeenmomonseseeeend--- Oo 


Full Scale — 1 LSB 
Full Scale 
Overflow 


a ee OO 


NOTE: The voltages listed are the ideal centers of each output code shown as a function of its associated reference voltage. See Ideal Transfer Curve Figure 8. 
The output code should exist for an input equal to the ideal center voltage + 1% of the step size. 


-~o od @eeee@eooo0oc9.,scoeees8sod0eo 
-_-~ -+ = @ | @eeoeoe-r- OO @ee0eeeoqoddeooe 
—---—- @eeeooqoo°o--_eeeeoqodecae 
---3He@eeeeeoqoo-r-'‘eoeeec053seoe-/—-0Oo 
-- 90oOc€68e@eee-f+t+oOo-'- e0ee0ee8e880°+ 0 


NOTE: All typical values have been characterized but are not tested. 
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OPERATING AND HANDLING 
CONSIDERATIONS . 
1. HANDLING 


All inputs and outputs of CMOS devices have a network 
for electrostatic protection during handling. Recommended 
handling practices for CMOS devices are described in 
ICAN-6525. “Guide to Better Handling and Operation ‘of 
CMOS Integrated Circuits.”’ 

2. OPERATING 
Operating Voltage 
During operation near the maximum supply voltage limit, 


care should be taken to avoid or suppress power supply . 


turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause the 
power supply voltages to exceed the absolute maximum rat- 


ing. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 8: Ideal Transfer Curve 
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Via Vi2 Vis Via Vis Vite 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp or Vaat nor less 
than Vss or Vaa~ (depending upon which supply the pro- 
tection network is referenced. See Maximum Ratings). Input 
currents must not exceed 20 mA even when the power sup- 
ply is off. 

Unused Inputs 
A connection must be provided at every input terminal. All 


unused input terminals must be connected to either Vpp or: 


Vss, whichever is appropriate. 
Output Short Circuits 


Shorting of outputs to any supply potential may damage 
CMOS devices by exceeding the maximum device dissipa- 
tion. 
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CA3306 


™ HARRIS CA3306, CA3306A, 


UJ semiconvductToR 
CA3306C 
CMOS Video-Speed 6-Bit Flash 
Analog-to-Digital Converter 


_ GENERAL DESCRIPTION FEATURES | 
The Harris CA3306 family are CMOS parallel (FLASH) an- ® CMOS Low Power with Video Speed (— 70 mW typ) 
. alog-to-digital converters designed for applications demand- © Parallel Conversion Technique 


ing both low-power consumption and high-speed digitiza- 


tion. Digitizing at 15 MHz, for example, requires only about * Signal Power Supply Voltage (SV to 7.5V) 


50 mW. © 15-MHz Sampling Rate with Single 5V Supply 
The CA3306 family operates over a wide, full-scale signal ® 6-Bit Latched 3-State Output with 

input-voltage range of 1V up to the DC-supply voltage. Pow- Overflow Bit 

er consumption is as low as 15 mW,. depending upon the © Pin-For-Pin Retrofit for the CA3300 

clock frequency selected. The CA3306 types may be direct- 

ly retrofitted into CA3300 sockets, offering improved lineari- APPLICATIONS 

ty at a lower reference voltage and higher operating speed ® TV Video Digitizing 


with a 5V supply. 


The intrinsic high conversion rate makes the CA3306 e . , 
types ideally suited for digitizing high-speed signals. The a ules malts = anaes analyse 
overflow bit makes possible the connection of two or more Transient Signal Analysis 
CA3306s in series to:increase the resolution of the conver- = © High-Energy Physics Research 
sion system. A series connection of two CA3306s may be © High-Speed Oscilloscope Storage/Display 
used to produce a 7-bit high-speed converter. Operation of oe . : 
two CA3306s in parallel doubles the conversion speed (i-e., Geneta! Ppese Hypne nDeS 
increases the sampling rate from 15 MHz to 30 MHz). ' © Optical Character Recognition 

® Radar Pulse Analysis 


Sixty-four paralleled auto-balanced comparators measure 
the input voltage with respect to a known reference to pro- _ © Motion Signature Analysis 
duce the parallel-bit outputs in the CA3306. Sixty-three -®@ Robot Vision 
comparators. are.required to quantize all input voltage levels 
in this 6-bit converter,.and the additional comparator is re- 
quired for the overflow bit. 


© High-Speed A/D Conversion 


20 Pin SOIC 18 Pin DIP 20 Pin LCC 
Top View Top View Top View 


ra 
a 
wi 
> 
Oo 


B3 
B2 
Bt (LSB) 


Vop 


Figure 1. Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


-, WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A. PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 5-12 
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ABSOLUTE MAXIMUM RATINGS Pe 

. DC Supply-Voltage Range, (Vpp) Storage Temperature Range (Tstg) .... —65°C to + 150°C 

(Voltage Referenced Lead Temperature (During Soldering): 
to Ves: Terminal) <6. 320 s455 ease ee —0.5V to +8.5V At Distance 46 + 14 in. (1.59 + 0.79 mm) from 

Input Voltage Range Case for 10S Max. «aces wwiswes ern kewess sence + 265°C 
All inputs except Zener .......... —0.5V to Vpp + 0.5V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 

DC Input Current may cause permanent damage to the device. These are stress ratings only 
CLK, PH, CE1, CE2, Vi Rio ctichdnn th Gee ane need +20 mA and functional operation of the device at these or any other conditions 


above those indicated in the operational sections of the specifications is not 


Power Dissipation per Package (Pp): implied. Exposure to absolute maximum rating conditions for extended peri- 


FOr ln = 55°C 104 5S°C ho isatdcwetiaeins 315 mW ods may affect device reliability. 
For Ta = +55°Cto +125°C ........... Derate Linearly R Supply Volt 3V to BV 
at 3.3 mW/°C ecommended Supply Voltage Range ........... fe) 
Operating Temperature Range (Ta): 
Ceramic Package—D Suffix.......... — 55°C to + 125°C 
Plastic Package—E Suffix ............ — 40°C to + 85°C 


3- STATE 


Be 


pe. ( ) B6(MsB) 


Ovss 


CLOCK 
@, (SAMPLE UNKNOWN) 


PHASE ((}-— ®@,(AUTO BALANCE) 


6.2V NOMINAL 
ZENER 
DIODE Vss 


Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 


5-13 


CA3306 


CA3306, CA3306A, CA3306C 


ELECTRICAL CHARACTERISTICS ~e Ta = 25°C, Vpp = 5V, Vraert+ = 4.8V, Vss = VrRer— = GND, Clock 
= 15 MHz Square Wave for CA3306 or CA3306A, 10 MHz for CA3306C . 


ae 
|| Bits | 


Resolution . 


Integral Linearity Error _ 3306, 3306C 
3306A 


Differential Linearity Error 3306, 3306C £0.25 +£0.5 
3306A +0.2 +0.25 


Quantizing Error Inherent Lg LSB 
Offset Error 3306, 3306C | (Note 1) +0.5 + 1 

3306A +0.25 +0.5 
Gain Error 3306, 3306C | (Note 2) +0.5 +1 

3306A +£0.25 +0.5 


ege ; : + : 
Positive Full Scale Input Range (Note 3, 4) P 4. | ae | Wop 0s | V 
Negative Full Scale Input Range (Note 3, 4) | 06 | 0. h Meped:| 

5 


Input Capacitance res ae 
input Current Vin=492V,Voo=sv | | | #800 | wa | 
Resistor Ladder Impedance | 650 | 


Maximum Conversion Speed _ 3306C 10 13 
3306, 3306A 15 20 
MSPS 
Maximum Conversion Speed 3306C (Note 4) 12 
3306, 3306A | $1, 62 = Minimum 18 
Auto Balance Time (1) 3306C 5 
3306, 3306A 3 
Sample Time ($2) 3306C (Note 4) 3 
3306, 3306A 2 
D 


Aperture Delay [eraeaainie: Paes ie ee 
a 
Allowable Input Bandwidth ~~ (Note 4) | pe | | terock/2 | MHz 

ene ies NE 1c 
Output Data Valid Delay.(Tp) ~ 3306C 
3306, 3306A 


35 50 

30 40 

Output Data Hold Time _ (Ty) © (Note 4) | oi | 25 | 

| Ouiputenableime Tew | | 
Output Disable Time Mod | tT 


Ipbp Current, Refer to Figure 3 3306C Continuous Conversion 11 20 
3306, 3306A | (Note 4) 14 25 mA 


Continuous 61 
Maximum Vij, Logic 0 All Digital Inputs (Note 4) 
Minimum Vix, Logic 1 All Digital Inputs (Note 4) /0.7XVpp | 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS § @Ta = 25°C, Vop = 5V, Vref t+ = 4.8V, Vss = Vaer— = GND, Clock 
= 15 MHz Square Wave for CA3306 or CA3306A, 10 MHz for CA3306C (Continued) 


© 
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Parameter 


Except CLK, Viy = OV, 5V 
Digital Input Current CLK Only 
Digital Output 3-State Leakage Vout = OV, 5V 


1.6 


Digital Output Sink Current Vout = 0.4V 3. 


Zener Voltage 


Digital Output Source Current Vout = 4.6V 


| 
lz = 10 mA, 20 mA 


NOTES 1: OFFSET ERROR is the difference between the input voltage that causes the 00 to 01 output code transition and (Vaeft — Vagr )/128. 
2: GAIN ERROR is the difference the input voltage that causes the 3F1¢ to overflow output code transition and (Vaep¢t — Vaer~) X 127/128. 


Zener Temperature Coefficient 


3: The total input voltage range, set by Vege + and Vac, may be in the range of 1 to (Vpp + 1) V. 


4: Parameter not tested, but guaranteed by design or characterization. 


ORDERING INFORMATION 


Part Linearity Sampling Temperature 
| Number (INL, DNL) Rate Range 


CA3306E +0.5 LSB 15 MHz(67 ns) ~40°C to +85°C 


18-Pin Plastic DIP 


CA3306AE +0.25 LSB 15 MHz (67 ns) -40°C to +85°C 18-Pin Plastic DIP 
CA3306CE +0.5LSB 10 MHz (100 ns) _ -40°C to +85°C 18-Pin Plastic DIP 
CA3306M +0.5LSB 15 MHz (67 ns) -40°C to +85°C 20-Pin Plastic SOIC 
CA3306CM +0.5LSB 10 MHz (100 ns) -40°C to +85°C 20-Pin Plastic SOIC 
CA3306D +0.5LSB _ 15 MHz (67 ns) -§5°C to +125°9C 18-Pin Ceramic DIP 
CA3306AD +0.25 LSB 15 MHz (67 ns) -55°C to +1259C 18-Pin Ceramic DIP 
CA3306CD +0.5 LSB 10 MHz (100 ns) -55°C to +1259C 18-Pin Ceramic DIP 
CA3306J3 +0.5 LSB 15 MHz (67 ns) -55°C to +125°C 20-Pin LCC 
CA3306CJ3 +0.5 LSB 10 MHz (100 ns) ~55°C to +1259C 20-Pin LCC 


NOTE: All typical values have been characterized but are not tested. 
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CA3306, CA3306A, CA3306C 


50] Ta = 25°C 
Vrer *=VDD 
Vin = 0 TO Veet SINE WAVE AT FoiK/2 


| 
CLOCK FREQUENCY-— MHz 


Figure 3: Typical Ipp as a Function Of Vpp 


COMPARATOR DATA IS LATCHED 
DECODED DATA IS SHIFTED TO OUTPUT REGISTERS 


CLOCK IF 
PHASE = $2 
U 
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1S HIGH | | | | 
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Figure 5: Output Enable Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Typical Maximum Ambient Temperature 
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Typical Peak Input Current as a 


Function of input Voltage 
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Function of Supply Voltage 
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NOTE: All typical values have been characterized but are not tested. 
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CA3306, CA3306A, CA3306C 


SAMPLE ENOS 


$2 


OLD DATA NEW DATA 


OUTPUT 


(a) 


With $2 as Standby State (Fastest Method but 
Standby < 5 ps) 


SAMPLE ENDS 


OLD 
") 


OUTPUT ATA 


With 1 as Standby State (Indefinite Standby, Double Pulse Needed) 


SAMPLE ENDS 


¢2 $1 


OLD DATA 


OUTPUT, 


mn 


(c) 


$1 $2 


Tp 


INVALID 
DATA 


NEW 
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0193-15 


With $2 as Standby State (Indefinite Standby, Lower Power Than 6(b) 
Figure 6: Pulse-Mode Timing Diagrams 
NOTE: Phase Control is low for all diagrams. 


Table 1: Pin Description 


Trin [ Name [Description 
a ec 
OF Overflow, Output | 


CE2 Three-state Output Enable Input, 
. Active Low. See Table 2. 
CE1 Three-state Output Enable Input, 
Active High. See Table 2. 
Clock Input 


Sample clock phase control input. 
When PHASE is low, “Sample 

Unknown” occurs when the clock 
is low and “Auto Balance’ occurs 
when the clock is high (see text). 


ris [es | ots.oup 
ner 


NOTE: All typical values have been characterized but are not tested. 
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Table 2: Chip Enable Truth Table 


Tei | cee | ees | oF 
To | + | vae | vaia 
[x [eo | tieo-steto | Theo sae 


X = don’t care 


DEVICE OPERATION 


A sequential parallel technique is used by the CA3306 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase 1 and the “Sample 
Unknown” phase 2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
low, the “Auto Balance” (1) occurs during the High period 
of the clock cycle, and the “Sample Unknown” ($2) occurs 
during the low period of the clock cycle. 


During the ‘‘Auto Balance” phase, a transmission-gate 
switch is used to connect each of 64 commutating capaci- 
tors to their associated ladder reference tap. Those tap volt- 
ages will be as follows: 


Vrap (N) = [(VReF/64) < N] — [VRer/(2 x 64)] 
= Vaerl(2N — 1)/128] 


Where: Vrap (N) = reference ladder tap voltage 
_ at point N | 
Vrer = voltage across Vare~ to Vaert 
N = tap number (1 through 64) 


*This device requires only a single-phase clock. The terminology of #1 and 
2 refers to the High and Low periods of the same clock. 
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DEVICE OPERATION (Continued) 


The other side of the capacitor is connected to a single- 
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Vpp — Vss)/2. The capacitors 
now charge to their associated tap voltages, priming the 
circuit for the next phase. 


In the “Sample Unknown” phase, all ladder tap switches 
are opened, the comparator amplifiers are no longer short- 
ed, and Vin is switched to all 64 capacitors. Since the other 
end of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators whose tap voltages were lower than Vi, 
will drive the comparator outputs to a “low” state. All com- 
parators whose tap voltages were higher than Vjj\ will drive 
the comparator outputs to a “high” state. A second, capaci- 
tor-coupled, auto-zeroed amplifier further amplifies the out- 
puts. 


The status of all these comparator amplifiers are stored 
at the end of this phase (2), by a secondary latching ampli- 
fier stage. Once latched, the status of the 64 comparators is 
decoded by a 64-to-7-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
2. 

A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B6 when it is ina 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state (Table 2). 


To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 


Continuous Clock Operation 


_ One complete conversion cycle can be traced through 
the CA3306 via the following steps. (Refer to timing dia- 
gram, Figure 4.) With the phase control in a “High”’ state, 
the rising edge of the clock input will start a “sample” 
phase. During this entire “High” state of the clock, the 64 
comparators will track the input voltage and the 64 latches 
willtrack the comparator outputs. At the falling edge of the 
clock, after the specified aperture delay, all 64 comparator 
outputs are captured by the 64 latches. This ends the ‘‘sam- 
ple” phase and starts the ‘“‘auto balance” phase for the 
comparators. During this “Low” state of the clock the out- 
put of the latches propagates through the decode array and 


NOTE: All typical values have been characterized but are not tested. 
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a 7-bit code appears at the D inputs of the output registers. 
On the next rising edge of the clock, this 7-bit code is shift- 
ed into the output registers and appears with time delay tp 
as valid data at the output of the 3-state drivers. This also 
marks the start of a new ‘“‘sample”’ phase, thereby repeating 
the conversion process for this next cycle. 


Pulse Mode Operation 


For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse mode in one of 
three ways. The fastest method is to keep the converter in 
the Sample Unknown phase, #2, during the standby state. 
The device can now be pulsed through the Auto Balance 
phase with a single pulse. The analog value is captured on 
the leading edge of #1 and is transferred into the output 
registers on the trailing edge of 61. We are now back in the 
standby state, 62, and another conversion can be started, 
but not later than 54s due to the eventual droop of the 
commutating capacitors. Another advantage of this method 
is that it has the potential of having the lowest power drain. 
The larger the time ratio between 2 and #1, the lower the 
power consumption. (See timing diagram, Figure 6.) 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay indefi- 
nitely waiting to start a conversion. A conversion is per- 
formed by strobing the clock input with two #2 pulses. The 
first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second #2 pulse is needed to transfer the data into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes slightly longer, but 
the repetition rate may be as slow as desired. The disadvan- 


~ tage to this method is the higher device dissipation due to 


the low ratio’of 62 to-$1. (See timing diagram, Figure 6b.) 

For applications requiring both indefinite standby and low- 
est power, standby can be in the #2 (Sample Unknown) 
state with two $1 pulses to generate valid data (see Figure 
6c). Valid data now appears two full clock cycles after start- 
ing the conversion process. 


Analog Input Considerations 


The CA3306 input terminal is characterized by a small 
capacitance (see Specifications) and a small voltage-de- 
pendent current (See Typical Performance Characteristics). 
The signal-source impedance should be kept low, however, 
when operating the CA3306 at high clock rates. 


CA3306 


CA3306 
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DEVICE OPERATION (Continued) 


The CA3306 outputs a short (less than 10 ns) current 
spike of up to several mA amplitude (See Typical Perform- 
ance Characteristics) at the beginning of the sample phase. 
(To a lesser extent, a spike also appears at the beginning of 
auto balance.) The driving source must recover from the 
spike by the end of the same phase, or a loss of accuracy 
will result. 


A locally terminated 502 or 752 source is generally suffi- 
cient to drive the CA3306. If gain is required, a high-speed, 
fast-settling op amp, such as the HA-5033, HA-2542, or 
CA3450 is recommended. 


Digital Input And Output Interfacing 


The two chip-enable and the phase-control inputs are 
standard CMOS units. They should be driven from less than 
0.3 X Vpp to at least 0.7 X Vpp. This can be done from 
74HC series CMOS (QMOS), TTL with pull-up resistors, or, 
if Vpp is greater than the logic supply, open collector or 
open drain drivers plus pull-ups. (See Figure 11.) 


The clock input is more critical to timing variations, such 
as 1 becoming too short, for instance. Pull-up resistors 
should generally be avoided in favor of active drivers.. The 
clock input may be capacitively coupled, as it has an inter- 
nal 50kN feedback resistor on the first buffer stage, and will 
seek its own trip point. A clock source of at least 1 Vp-p is 
adequate, but extremely non-symmetrical waveforms 
should be avoided. | 


The output drivers have full rail-to-rail capability. If driving . 


CMOS systems with Vpp below the Vpp of the CA3306, a 
CD74HC4050 or CD74HC4049 should be used to step 
down the voltage. If driving LSTTL systems, no step-down 
should be necessary, as most LSTTLs will take input swing 
up to 10V to 15V. 


Although the output drivers are capable of handling typi- 
cal data bus loading, the capacitor charging currents will 
produce local ground disturbances. For this reason, an ex- 
ternal bus driver is recommended. 


Increased Accuracy 


In most cases the accuracy of the CA3306 should be suf- 
ficient without any adjustments. In applications where accu- 
racy is of utmost importance, three adjustments can be 
made to obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 


Offset Trim 


In general offset correction can be done in the preamp 
circuitry by introducing a DC shift to Vij or by the offset 
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trim of the op amp. When this is not possible the Varr— 
input can be adjusted to produce an offset trim. The theo- 
retical input voltage to produce the first transition is /% LSB. 
The equation is as follows: 


Vin (0 to 1 transition) = % LSB = 14(Vper/64) 
= Vrer/128 


If Vin, for the first transition is less than the theoretical, 
then a single-turn 509 pot connected between Vragr~ and.:: 
ground will accomplish the adjustment. Set Vin to 7% LSB 
and trim the pot until the 0 to 1 transition occurs. 


If Vin, for the first transition is greater than the theoretical, 
then the 502 pot should be connected between Varr~ and 
a negative voltage of about 2 LSB’s. The trim procedure is 
as stated previously. 


Gain Trim 


In general the gain trim can also be done in the preamp 
circuitry .by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, Vij, should be set to the 63 to overflow transition. 
That voltage is % LSB less than Vpert and is calculated 
as follows: 


Vin (63 to 64 transition) = Vagce — VRer/128 
= Vre_er (127/128) 


To perform the gain trim; first do the offset trim and then 
apply the required Vij for the 63 to overflow transition. Now 
adjust Vaee* until that transition occurs on the outputs. 


Midpoint Trim 

The reference center (RC) is available to the user as the 
midpoint of the resistor ladder. To trim. the midpoint, the 
offset and gain trims should be done first. The theoretical 


transition from count 31 to 32 occurs at 3114 LSB’s. That 
voltage is as follows: 


Vin (31 to 32 transition) = 31.5 (VRer/64) 
= Vrer (63/128) 


An adjustable voltage follower can be connected to the 
RC pin or a 2k pot can be connected between Vrert and 
Vref with the wiper connected to RC. Set Vix to the 31 to 
32 transition voltage, then adjust the voltage follower or the 
pot until the transition occurs on the output bits. 
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DEVICE OPERATION (continued) 


The Reference Center point can also be used to create 
unique transfer functions. The user must remember, howev- 
er, that there is approximately 1202 in series with the RC 


pin. 
APPLICATIONS 


7-Bit Resolution 


To obtain 7-bit resolution, two CA3306s can be wired to- 
gether. Necessary ingredients include an open-ended lad- 
der network, an overflow indicator, three-state outputs, and 
chip-enabler controls—all of which are available on the 
CA3306. 


The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 8. Since the 
absolute-resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes 
the seventh bit. When it goes high, all counts must come 
from the upper device. When it goes low, all counts must 
come from the lower device. This is done simply by con- 
necting the lower overflow signal to the CE1 control of the 
lower A/D converter and the CE2 control of the upper A/D 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
circuitry. 


Doubled Sampling Speed 


The phase control and both positive and negative true 
chip enables allow the parallel connection of two CA3306s 
to double the sampling speed. Figure 9 shows this configu- 
ration. One converter samples on the positive phase of the 
clock, and the second on the negative. The outputs are also 
alternately enabled. Care should be taken to provide a near 
square-wave clock if operating at close to the maximum 
clock speed for the devices. 


NOTE: All typical values have been characterized but are not tested. 
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8-Bit to 12-Bit Conversion Techniques 


To obtain 8-to-12-bit resolution and accuracy, use a feed- 
forward conversion technique. Two A/D converters will be 
needed to convert up to 11 bits; three A/D converters to 
convert 12 bits. The high speed of the CA3306 allows 12-bit 
conversions in the 500-to-900 ns range. 


The circuit diagram of a high-speed 12-bit A/D converter 
is shown in Figure 10. In the feed-forward conversion meth- 
od two sequential conversions are made. Converter A first 
does a coarse conversion to 6 bits. The output is applied to 
a 6-bit D/A converter whose accuracy level is good to 12 
bits. The D/A converter output is then subtracted from the 
input voltage, multiplied by 32,-and then converted by a sec- 


ond flash A/D converter, which is connected in a.7-bit con- 


figuration. The answers from the first and second~conver- 


sions are added together with bit 1 of the first conversion © 


overlapping bit 7 of the second conversion. 
When using this method, take care that: 
@ The linearity of the first converter is better than 14 LSB. 


m@ An offset bias of 1 LSB (%4) is subtracted from the first 
conversion since the second converter is unipolar. 


m= The D/A converter and its reference are accurate to the 
total number of bits desired for the final conversion (the 
A/D converter need only be accurate to 6 bits). 


The first converter can be offset-biased by adding a 200, 


resistor at the bottom of the ladder and increasing the refer- © 


ence voltage by 1 LSB. If a 6.4V reference is used in the 
system, for example, then the first CA3306 will require a 
6.5V reference. 


© 
o 
o 
° 
< 
Oo 
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CA3306 
B4 


RC 


B3 


Be 


61 


(SIGNAL 
VREF INPUT 
0.1 uF 


— — — 


Figure 7: Typical CA3306 6-Bit Configuration, 5V Supply 


DATA 
OUTPUT 


ADJUST POT 
TO 1/2 V2 


Vop MUST BE > V7 FORCIRCUIT TO 
WORK WITH Vz CONNECTED 
TO Vrer + 


6.) SIGNAL 
INPUT 


Figure 8: Typical CA3306 7-Bit Resolution Configuration 
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CA3306 


(MSB) 


DATA 
OUTPUT 


Rea 
> B2 

PI dt fuse 
Bt 


Veer? VREF 


NOTE : 
Vpp MUST BE > Vz FOR CIRCUIT 
TO WORK WITH Vz CONNECTED 


0193-18 
Figure 9: Typical CA3306 6-Bit Resolution Configuration with Double Sampling Rate Capability 
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CA3306 


CA3306 
INPUTS : 
TYPICAL FOR 


PHASE 
CEl 
CE2 


CA3306 
OUTPUTS: 


TYPICAL FOR 
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BINARY 
ADDER 


B6' é 


CA3306 INPUT 
TYPICAL FOR 


CLK CA3306 
5V 50 Kf 


74LS04 


CD 74HC 4049 (INV.) ,OR 

CD 74HC 4050 (NON-INV.) ,OR 

ANY LOW POWER SCHOTTKY 

TTL WITH HIGH INPUT 

VOLTAGE RATING.(MANY LS DEVICES 
ARE RATED TO ACCEPT VOLTAGES 
UP TO I5 VOLTS) 


Figure 11: 5V Logic Interface Circuit for Vpp > 5.5V 
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Table 3: Output Code Table 


Input Voltage* 


VrReF VReEF 
5.12 4.80 


(V) (V) 


VREF 
3.20 


(V) 


Code Description 


Yo Full Scale — 1 LSB 
Y% Full Scale 
Yo Full Scale + 1 LSB 


Full Scale — 1LSB 
Full Scale 
Overflow 


OF 


Binary 
Output Code 
(LSB) 

B4 


Decimal Count 


B6 B5 B3 


*The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 


OPERATING AND HANDLING 
CONSIDERATIONS 


1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. Recom- 
mended handling practices for CMOS devices are de- 
scribed in ICAN-6525. “Guide to Better Handling and Oper- 
ation of CMOS Integrated Circuits.” 


2. Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Vpp 
— Vgs to exceed the absolute maximum rating. 


NOTE: All typical values have been characterized but are not tested. 
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Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vss. 
Input currents must not exceed 20 mA even when the pow- 
er supply is off. The zener (pin 4) is the only terminal al- 
lowed to exceed Vpp. 


Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 
Output Short Circuits 


Shorting of outputs to Vpp or Vsgs may damage CMOS 
devices by exceeding the maximum device dissipation. 
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GENERAL DESCRIPTION og ree 


The Harris CA3318C is a CMOS paralle LASH)¥ialog- 
to-digital converter designed for applicatigns ‘demanding 
both low-power consumption and high-speed digitization. 


The CA3318 operates over a wide full-scale input-voltage 
range of 4V up to 7.5V with maximum power consumptions 
depending upon the clock frequency selected. When oper- 
ated from a 5V supply at a clock frequency of 15 MHz, the 
typical power consumption of the CA3318 is 150 mW. 


The intrinsic high conversion rate makes the CA3318 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3318’s 
in series to increase the resolution of the conversion sys- 
tem. A series connection of two CA3318’s may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA3318’s in parallel doubles the conversion speed (i.e., in- 
creases the sampling rate from 15 to 30 MHz). 

256 paralleled auto-balanced voltage comparators mea- 
sure the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3318. 

255 comparators are required to quantize all input voltage 
levels in this 8-bit converter, and the additional cprnpataig 
is required for the overflow bit. 


ORDERING INFORMATION 


FEATURES 

© CMOS Low Power with SOS Speed (150 mW Typ.) 
© Parallel Conversion Technique 

© 15-MHz Sampling Rate (67 ns Conversion Time) 

© 8-Bit Latched 3-State Output with Overflow Bit 

e +1LSB Accuracy (Typ.) 

® Single Supply Voltage (4 to 7.5V) 

@ 2 Units in Series Allow 9-Bit Output 

@ 2 Units in Parallel Allow 30 MHz Sampling Rate 


APPLICATIONS 

® TV Video Digitizing (Industrial/Security/Broadcast) 
© High-Speed A/D Conversion 

© Ultrasound Signature Analysis 

® Transient Signal Analysis 

© High-Energy Physics Research 

® High-Speed Oscilloscope Storage/Display— 
® General-Purpose Hybrid ADCs 

© Optical Character Recognition 

© Radar Pulse Analysis 

© Motion Signature Analysis 

e uP Data Acquisition Systems | 


Part eeanty Sampling Temperature 
Number (INL) Rate Range ‘Package 
CA3318CE +1.25 LSB 15MHz (67ns) _ -409C to +85°C 24 Pin Plastic DIP 
CA3318CM +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Pin Plastic SOIC 


CA3318CD +1.5LSB 15MHz (67ns) -~40°C to +85°C 24 Pin Ceramic DIP 


NOTE: Consult sales office for availability of SOIC package. 


24 LEAD DIP 24 LEAD SOIC 
TOP VIEW 


24] Vaat+ (ANA. SUP.) 


(DIG. GND.) Vgg [11] 
(DIG. SUP.) Vpp {12} 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 1908-002 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage Range (Vpp of Vaat) 
(Referenced to Vss or Vag Terminal, Which- 


ever is More Negative) ................. —0.5V to + 8V 
Input Voltage Range 
CE2 and CE ............. Vaa~ — 0.5V to Vpp +0.5V 
Clock, Phase, Vper—, 
Vo AGE sab ier ac Cts Vaa~ — 0.5V to Vaat + 0.5V 
Vg Helicasoky siawee aeeaaess Vss — 0.5V to Vpp + 0.5V 
Vin, 94 REF, Vpert ..... Vana — 0.5V to Vaa7~ +7.5V 


Output Voltage Range 
Bits 1-8, Overflow 
(Outputs Off) ............... Vss — 0.5V to Vpp + 0.5V 


DG Input GUGM ieccme setae Powe eee a aemmess eas +20 mA 
Clock, Phase, CE1, CE2, Vin, Bits 1-8, Overflow 


ANALOG $2 $1 
SUPPLY 


Vaat [24 


3/4 REF 


cLock [18 es 
PHASE |19] 


Z ANALOG *CASCADED AUTO BALANCE (CAB) 
VAA [7} > GROUND 


¢ 1(AUTO BALANCE) 
$ 2(SAMPLE UNKNOWN) 


CA3318C 
Power Dissipation per Package (Pp) 
FOr TA = a0 C104 55°C sissy see 315 mW 
For Ta = 58°C to 85°C ................ Derate Linearly 
at 3.3 mW/°C 
Temperature Range 
OpDeCIaund) meeanccs seater a pees —40°C to + 85°C 
SIOhAGG civics Gar hie ata tek eae edine —65°C to + 150°C 


Lead Temperature (During Soldering) 
At Distance ig in. + Yo in. (1.59 mm 
+ 0.79 mm) from Case for 10s Max............ + 265°C 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Recommended Operating Voltage Range 


(VDV OF VAAT )es.o sata oe <sareeaeds 4V Min to 7.5V Max 
Recommended Vaat Operating 

AANGG 4. Soaks eden eae s dasa Ras ae ene bis Vpop £1V 
Recommended Vaa~ Operating 


AANGC: 5536.2 bab Gress ous wad Powe e ate barn Vsg +1V 


DIGITAL 
$ SUPPLY +1 2| Yop 


OUTPUT 3-STATE 
REGISTOR ORIVERS 


| 9 | OVERFLOW 


P| 
eM) 
Q 
xO 


o 
[) 


| > 8 {BIT 8 (MSB) 


a a 
Fe] ° [2 
xo x 


P| 
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xO 
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Figure 2: Function Diagram 
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CA3318C 
ELECTRICAL CHARACTERISTICS ea fy 
a Test Conditions at 25°C Sore 
Vaat-= Vpp = 5V, Vrert = 6.4V, 
Parameter Vrer— = Vaa- S Vss, CLK = 15 MHz, am — 
All Ref. Points Adjusted Typ 

(Unless Otherwise Noted) 
ae ae ae a 
[of eae IS! Date Ge a LSB 
[Differential LineartyEror | | | +t 08 | LB 
|Quantizingéror | tos ts 
[Maximum input Bandwidth | (Note) casstec = |_| |e 
LSB 
| GainErrorUnadusted | Viv=Vrert~‘atse | 18 | oO | 15 | Ls 
can 

Full Scale Range (Notes 2, 4) 

|MininputCapacitance | Tf 
VIN =5.0V, VRert = 5.0V a ar eae 
270 | soo | 00 | 
p17 |_| ses 
| AutoBalanceTime(bt) FO Led 


Sample Time (62) 


. Aperture Delay 


ae 

| | 500 

re 

Aperture Jitter Eee 
| Unadiusted 


100 


Differential Gain Error 


Differential Phase Error 
Data Valid Time (To) 
Data Hold Time (Ty) 
Output Enable Time (Ten) A a 
Output Disable Time (Tpjs) Roe ee 
Device Current (Ipp + laa) 


(Excludes IRer) p 


Digital Inputs: ee 


Low Level Input Voltage Voi: | (Note 4) 
CE1, CE2 


CLK, Phase (Note 4) 


High Level Input Voltage Vin: (Note 4) 
CE1, CE2 0.7 Vop 


CLK, Phase (Note 4) 
Input Leakage Current, ||: (Note 3) 
Except CLK Input 


-InputCapacitance,G | 


=a isp 
o}|O 


8 


t 


wo _ oO 


+0.2 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 


Parameter 


Vo = 0.4V 4 —j 
Vo = 4.5V levees 

Leakage Current, loz 
|__QuiputCapacitance,Co | 


NOTE 1: A full scale sine wave input of greater than Foigck/2 or the specified input bandwidth (whichever is less) may cause an erroneous output code. The —3 dB 
bandwidth for frequency response purposes is greater than 30 MHz. 


Test Conditions at 25°C 
Vaat = Vop = 5V, Vrert+ = 6.4V, 
Vrer— = Vaa-— = Vss, CLK = 15 MHz, 
All Ref. Points Adjusted 
(Unless Otherwise Noted) 


Limits 


2: Vin (Full Scale) or Vagf+ should not exceed Vaat+ + 1.5V for accuracy. 
3: The clock input is a CMOS inverter with a 50 kf feedback resistor and may be AC coupled with 1 Vp.p min. source. . 
_ 4: Parameter not tested, but guaranteed by design or characterization. 


1 Bt 
B2 


Table 1: Pin Description — Table 1: Pin Description (Continued) 


R Reference Ladder Midpoint " 


VIN Analog Signal Input 


Bit 1 (LSB) 
Bit 2 
Bit 3 


Reference Voltage Positive Input 


Output 
4 Bit 4 Data 
Bit 5 Bits 
(High = True) 
Bit 6 
Bit 7 


Bit 8 (MSB) 


Overflow 


R Reference Ladder 1%, Point 
Vss Digital Ground 
Vpp Digital Power Supply, + 5V 


E2 Three-State Output Enable Input, 
Active Low. See Table 2. 
4 CE1 Three-State Output Enable Input, 
Active High. See Table 2. 
Vrer— | Reference Voltage Negative Input 
VIN Analog Signal Input 


VAA— Analog Ground 
LK Clock Input 


PHASE | Sample clock phase control input. 
When PHASE is low, “Sample 
Unknown” occurs when the clock is 
low and ‘‘Auto Balance” occurs when 
the clock is high (see text). 


TN}; oOUN on a 


Three-State 
a ae oe Three-State Three-State 


X = Don’t Care. 


DEVICE OPERATION 


A sequential parallel technique is used by the CA3318 
converter to obtain its high-speed operation. The sequence 
consists of the ‘‘Auto-Balance” phase,. 1, and the “Sam- 
ple Unknown” phase, 2. (Refer to the circuit diagram.) 
Each conversion takes one clock cycle*. With the phase 
control (pin 19) high, the “Auto-Balance”’ (1) occurs during 
the high period of the clock cycle, and the ‘Sample Un- 
known’”’ ($2) occurs during the low period of the clock cy- 
cle. 


= 


3 


‘?) 


=~ 


| ie 


ook 


8 
19 


*This device requires only a single-phase clock. The terminology of $1 and_ 
2 refers to the high and low periods of the same clock. 


NOTE: All typical values have been characterized but are not tested. 
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During the ‘‘Auto-Balance”’ phase, a transmission switch 
is used to connect each of the first set of 256 commutating 
capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 

Vtap (N) = [(N/256) VreF] —(1/512) Vrerl] | 
| = [2@N- 1)/512] Veer 
Where: 

Vtap (n)= reference ladder tap voltage at 

point n. 
Vrer = voltage across Vacr— to Vagrt+ 
N = tap number (1 through 256) 


The other side of these capacitors are connected to sin- 
gle-stage amplifiers whose outputs are shorted to their in- 
puts by switches. This balances the amplifiers at their intrin- 
sic trip points, which is approximately (Vaqa+ — Vaa—)/2. 
The first set of capacitors now charges to their associated 
tap voltages. 


At the same time a second set of commutating Capacitors 
and amplifiers is also auto-balanced. The balancing of the 
second-stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases eomparatv any and temperature 
tracking. 


In the “Sample Unknown” phase, all ladder tap switches 
and comparator shorting switches are opened. At the same 
time Vijy is switched to the first set-of commutating capaci- 
tors. Since the other end of the capacitors are now looking 
into an effectively open circuit, any input voltage that differs 
from the previous tap voltage will appear as a voltage shift 
at the comparator amplifiers. All comparators that had tap 
voltages greater. than Vij will go to a “high” state at their 


outputs. All comparators that had tap voltages lower than 


Vin will go to a “low” state. 


The status of all these. comparator amplifiers is ac cou- 
pled through the second-stage comparator and stored at 
the end of this phase (2) by a latching amplifier stage. The 
latch feeds a second latching stage, triggered at the end of 
1. This delay allows comparators extra settling time. The 
status of the comparators is decoded by a 256 to 9-bit de- 
coder array, and the results are clocked into a storage reg- 
ister at the end of the next $2. 

A 3- -stage buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B8 when itis ina 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the low state. | 


NOTE: All typical values have been characterized but are not tested. 


5-30 


CA3318C 


To facilitate usage of this device, a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 


Continuous-Clock Operation 


One complete conversion cycle can be traced through 
the CA3318 via the following steps. (Refer to timing dia- 
gram.) With the phase control in a “low” state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire “high” state of the clock, the comparators will 
track the input voltage and the first-stage latches will track 
the comparator outputs. At the falling edge of the clock, all 
256 comparator outputs are captured by the 256 latches. 
This ends the “sample” phase and starts the ‘“auto-bal- 
ance’”’ phase for the comparators. During this “low” state of 
the clock, the output of the latches settles and is captured 
by a second row of latches when the clock returns high. The 
second-stage latch output propagates through the decode 
array, and a 9-bit code appears at the D inputs of the output 
registers. On the next falling edge of the clock, this 9-bit 
code is shifted into the output registers and appears with 
time delay tg as valid data at the output of the 3-state driv- 
ers. This also marks the end of the next ‘‘sample”’ phase, 
thereby repeating the conversion process for this next cy- 
cle. 


Pulse-Mode Operation 


The CA3318 needs two of the same solatity clock eddes 
to complete a conversion cycle: If, for instance, a negative 
going clock edge ends sample ‘‘N’’, then data ‘‘N”’ will ap- 
pear after the next negative going edge. Because of this 
requirement, and because there is a maximum sample time 
of 500 ns (due to capacitor droop), most pulse or intermit- 
tent sample applications will require double clock pulsing. 


lf an indefinite standby state is desired, standby should 


be in auto-balance, and the operation would be as in Figure 


5A. 


_ |f the standby state is known to last less than 500ns and 
lowest average power is desired, then operation could be as 
in Figure 5B. 


Increased Accuracy 


In most cases the accuracy of the CA3318 should be suf- 
ficient without any adjustments. In applications where accu- 
racy is of utmost importance, five adjustments can be made 
to obtain better accuracy, i.e., offset trim; gain trim; and 1%, | 
Y% and %/, point trim. 


CA3318C 


CA3318C 


COMPARATOR DATA IS LATCHED 
OECODED DATA IS SHIFTED 
TO OUTPUT REGISTERS 


CLOCK IF SAMPLE AUTO SAMPLE AUTO SAMPLE 
PHASE IS HIGH N BALANCE N+14 +2 


BALANCE N 


| | 
=t00 
= OE OKO 


Figure 3: Input to Output Timing Diagram 


HIGH 


IMPEDANCE 


DATA 


AUTO SAMPLE AUTO SAMPLE 
BALANCE N BALANCE N+1 


25 nSEC 25 nSEC 50 nSEC 


0194-5 


A: Standby in Indefinite Auto Balance (Shown with Phase = Low) 


CLOCK: 


AUTO SAMPLE AUTO SAMPLE 
SAMPLE N BALANCE N+1 BALANCE N+2 


500 nSEC 33 nSEC 25 nSEC 50 nSEC 


MAX MIN MIN TYP | 


DATA . DATA 
N-1 N 


B: Standby in Sample (Shown with Phase = Low) 


Figure 5: Pulse Mode Operation 


NOTE: All typical values have been characterized but are not tested. 


5-31 


CA3318C 


Offset Trim 


In general, offset correction can be done in the preamp 
circuitry by introducing a dc shift to Vij or by the offset trim 
of the op amp. When this is not possible the Varr— input 
can be adjusted to produce an offset trim. The theoretical 
input voltage to produce the first transition is 1% LSB. The 
equation is as follows: 


Vin (0 to 1 transition) = %LSB = % 
(VREF/256) 
= VreF/512 


If Vin for the first transition is less than the theoretical, 
then a single-turn 509 pot connected between Vrarr— and 
ground will accomplish the adjustment. Set Vin to % LSB 
and trim the pot until the 0-to-1 transition occurs. 


If Vin for the first transition is greater than the theoretical, 
then the 509 pot should be connected between VrEer— 
and a negative voltage of about 2 LSB’s. The trim proce- 
dure is as stated previously. 


Gain Trim 


In general, the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, Vij, should be set to the 255 to overflow transition. 
That voltage is 7/2 LSB less than Vagre+ and is calculated 
as follows: 


Vin (255 to 256 transition) = Varr — Vr_er/512 


Vrer (511/512) 


To perform the gain trim, first do the offset trim and then 
apply the required Vij for the 255 to overflow transition. 
Now adjust Vaer+ until that transition occurs on the out- 
puts. . 


Y, Point Trims 


The %, Y and % points on the reference ladder are 
brought out for linearity adjusting or if the user wishes to 
create a non-linear transfer function. The Y% points can be 
driven by the reference drivers shown (Figure 7) or by 2-K 
pots connected between Vaer+ and Vaer—. The Yo (mid-) 
point should be set first by applying an input of 257/512 x 
(VReF) and adjusting for an output changing from 128 to 
129. Similarly the 14 and 34 points can be set with inputs of 
129/512 and 385/512 X (Vp_eF) and adjusting for counts of 
192 to 193 and 64 to 65. (Note that the points are actually 
%, Yo and 3%, of full scale + 1 LSB.) 


9-Bit Resolution 


To obtain 9-bit resolution, two CA3318’s can be wired 
together. Necessary ingredients include an open-ended 


NOTE: All typical values have been characterized but are not tested. 
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ladder network, an overflow indicator, three-state outputs, 
and chip-enable controls—all of which are available on the 
CA3318. 


The first step for connecting a 9-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 8. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes 
the ninth bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower A/ 
D converter and the CE2 control of the upper A/D convert- 
er. The three-state outputs of the two devices (bits 1 
through 8) are now connected in parallel to complete the 
circuitry. The complete circuit for a 9-bit A/D converter is 
shown in Figure 9. 


Grounding/Bypassing 


~ The analog and digital supply grounds of a system should 


be kept separate and only connected at the A/D. This 
keeps digital ground noise out of the analog data to be con- 
verted. Reference drivers, input amps, reference taps, and 
the Vaa supply should be bypassed at the A/D to the ana- 
log side of the ground. See Figure 10 for a block diagram of 
this concept. All capacitors shown should be low imped- 
ance 0.1 uF ceramics and should be mounted as close to 
the A/D as possible. If Vaa+ is derived from Vpp, a small 
(102 resistor or inductor and additional filtering (4.7 wF tan- 
talum) may be used to keep digital noise out of the analog 
system. 


Input Loading - 


The CA3318 outputs a current pulse to the Vij terminal at 
the start of every sample period. This is due to capacitor 
charging and switch feedthrough and varies with input volt- 
age and sampling rate. The signal source must be capable 
of recovering from the pulse before the end of the sample 
period to guarantee a valid signal for the A/D to convert. 
Suitable high speed amplifiers include the HA-5033, 
HA-2542; and CA3450. Figure 11 is an example of an ampli- 
fier which recovers fast enough for sampling at 15 MHz. 


Output Loading 


The CMOS digital output stage, although capable of driv- 
ing large loads, will reflect these loads into the local ground. 
It is recommended that a local QMOS buffer such as 
CD74HC541E be used to isolate capacitive loads. 


CA3318C 


Table 3: Output Code Table 


Input Voltage* 


VREF VREF 
6.40V 5.12V 


(V) (V) 


Code 
Description 


V/, Full Scale 


® 
e 
e 
YW Full Scale — 1 LSB 
V2 Full Scale 
VY Full Scale + 1 LSB 


Full Scale —1LSB 
Full Scale 
Over Flow 


Binary 
Output Code Decimal 
Count 


B4 


Si ee en ore oe oe ee ee Se ee eo ee Be ee o> a> a oo) 


* The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 


Reducing Power 


Most power is consumed while in the auto-balance state. 
When operating at lower than 15 MHz clock speed, power 
can be reduced by stretching the sample (2) time. The 
constraints are a minimum balance time ($1) of 33ns, anda 
maximum sample time of 500ns. Longer sample times 
Cause droop in the auto-balance capacitors. Power can also 
be reduced in the reference string by switching the refer- 
ence on only during auto-balance. 


NOTE: All typical values have been characterized but are not tested. 


Clock Input 

The Clock and Phase inputs feed buffers referenced to 
Vaat and Vaa—. Phase should be tied to one of these two 
potentials, while the clock (if DC coupled) should be driven 
at least from 0.2 to 0.7 X (Vaa+ — Vaa—). The clock may 
also be AC coupled with at least a 1 Vp.5 swing. This allows 
TTL drive levels or 5V QMOS levels when Vaa+ is greater 
than 5V. 
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CA3318C 


+10 TO +30V +10 TO 30V 


Ou F, TAN 


3/4 REF 
(PIN 23) 


VREF 
(PEN 22) 


ines TAN/IOV 


1/2 REF 
(PIN 20) 


0194-7 
Figure 6: Typical Voltage Reference 
Source for Driving Vage+ Input 


(1/4 REF. 
(PIN 10) 


NOTE: Bypass Vraer+ to Analog Ground Near A/D with 0.1 nF 
Ceramic Cap. Parts Marked (*) Should Have Low Tem- 
perature Drift. 0194-8 

Figure 7: Typical 1/, Point Drivers for Adjusting 


Linearity (Use for Maximum Linearity) | 


NOTE: All Op Amps = %, CA324E 


Bypass All Reference Points to Analog Ground Near 
A/D with 0.1 uF Ceramic Caps. 


Adjust Vag + First, then 12, 34, and % Points.. 


+ 6.4 VOLT 
REFERENCE 
+S5V 


MIO-POINT 
DRIVER 


Figure 8: Using two CA3318’s for 9-Bit Resolution 


NOTE: Reference Taps and Vaa Should be Bypassed to AGND with 0.1 uF Low Impedance Caps. 
The Mid-Point Driver must be Stable with Capacitive Loads. 


NOTE: All typical values have been characterized but are not tested. 
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4.7 pF/IOV 
TANTALUM 
+ 


+5V (ANALOG SUPPLY) 


CA3318C 


+47T0+6-5V 
REFERENCE 


OPTIONAL CAP DIGITAL OUTPUT 
(SEE TEXT) 


CLOCK source >———| 
O-OlyF 
INPUT SIGNAL VIN 


~ «1/4 REF 
AMPLIFIER/ BUFFER VREF 


(SEE TEXT) CE1 Vss 


CE2 Vop 


4.7pF 
TANTALUM /10V 


sage 


+ 5V (DIGITAL 
SUPPLY) 


Figure 9: Typical Circuit Configuration for the CA3318 with No Linearity Adjust 


NOTE: Ail Capacitors = 0.1 F, Low Inductance Ceramic (Unless Noted) 
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SIGNAL TO 
SOURCE DIGITAL 


SYSTEM 


SIGNAL 
GROUND 


SYSTEM 
DIGITAL 
GROUND 


= Se VAA Vop 


ANALOG SUPPLY 
SUPPLIES i a 


Figure 10: Typical System Grounding/Bypassing 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: GROUND-PLANING AND 
TIGHT LAYOUT ARE 
EXTREMELY IMPORTANT. 


~*CA3318C 


A/D FLASH 
INPUT 


0 TO -10V 
OFFSET SOURCE 
Rs <102 


Figure 11: Typical High Bandwidth Amplifier for Driving the CA3318 


OPERATING AND HANDLING 
. CONSIDERATIONS 


1. 


Handling 


All inputs and outputs for CMOS devices have a net- 
work for electrostatic protection during handling. Rec- 
ommended handling practices for CMOS devices are 
described in ICAN-6525 ‘“‘Guide to Better Handling and 


. Operation of CMOS Integrated Circuits’. 
Operating 
‘Operating Voltage 
. During operation near the maximum supply voltage lim- 


it, care should be taken .to avoid or suppress power 


’ supply turn-on and turn-off transients, power supply 


ripple, or ground noise; any of these conditions must 


not.cause Vpp-Vss to exceed the absolute maximum 


rating. 


NOTE: All typical values have been characterized but are not tested. 
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Input Signals 


As shown in the maximum ratings, all inputs except Vjn, 
¥, REF, and Vage¢ + have diodes to Vpp or Vaa+ and 
from Vss or Vaa—. Vin, 9%4°REF, and Vaert+ have, 
instead, 10V zener diodes to Vaa-—. No current of 
greater than 20 mA should be allowed through any of 
these diodes, even when the supplies are off. 


Unused Inputs 


A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vpp or Vss, whichever is appropriate. 


Output Short Circuits 


- Shorting of outputs to. Vpp or Vsg may damage CMOS 


devices by exceeding the maximum device dissipation. 


@ HARRIS HI-5700 


PRELIMINARY 
April 1990 8 Bit, 2OMSPS Flash A/D Converter 


Features Description 


e 20MSPS Conversion Rate The HI-5700 is a monolithic, 8-bit, CMOS FLASH 
e 9MHz Full Power Input Bandwidth Analog-to-Digital Converter. Fabricated. in the Harris L7 
CMOS process, it is designed for high speed applications 
where wide bandwidth and low power consumption are 
¢ Sample and Hold Not Required ~ essential. Its 20MSPS speed is made possible by a parallel 
e +3/4 LSB Differential Linearity Error (Typical) . architecture which also eliminates the need for an external 
© CMOS/TTL Compatible | sample and hold circuit. The HI-5700 delivers +3/4 LSB 
ee differential nonlinearity while consuming only 550mW typi- 
Single +5V Supply Voltage cally. Latched outputs are provided which present valid 
¢ improved Replacement for MP7684 data to the output bus one clock cycle after the convert 
>. Higher Operating Frequency command is received. An overflow bit is provided to allow 
> Higher Output Drive the series connection of two converters, thus achieving 9- 
> Lower Leakage Current bit resolution. 
> Lower Reference Current 


HI-5700 


¢ No Missing Codes 


The HI-5700 is available in Commercial and Industrial Tem- 
Applications perature ranges. It comes in 28 pin Plastic DIP. 


® Video Digitizing 

¢ Radar Systems 

¢ Medical Imaging 

¢ Communication Systems 

°@ High.Speed Data Acquisition Systems 


Pinout Simplified Block Diagram 


28 PIN (PLASTIC DIP) ‘i : 
TOP VIEW IN AVDD 


VREF(+)-o- 


a J [0 | 


mis 
° 


V REF(+) 


CLK CE1 CE2 


Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/or specifications at any 
time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Harris is believed to be 
accurate and reliable. However, no responsibility is assumed by Harris or its subsidiaries for its use; nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Harris or its subsidiaries. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
Copyright © Harris Corporation 1990 
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Pin Description 


PIN - 
NUMBER 


Clock Input Pin 
Bit 7 Output (MSB) 


Bit 5 Output 
Bit 4 Output 
1/4R 1/4th Point of R Ladder 


lps Bit6 Output 
Vpp | Power Supply of Digital Circuit 
GND | Digital Ground 


a 

pee 
ees 
[cess 
Vop 

| 8 [GND 

| 9 [aan [aathPointofR Ladder 
ptr [oe [Bitzouput 
p12 [otf Bitt ouput 
[13 [po [Bitooutputtssy 
| 14 forw_ | 


Digital Output Overflow Pin 


Analog Circuit Ground 


Analog CircuitGround 


Mid PointofR Ladder: - 


Block Diagram 
Voo [7] AVop [23] [2] [26] Ls]: 
| eno [8 acno [24] [25] [19] [20]? 
VIN | 28 | i 1 1. b2 
RR 
VREF(+ ) &) re res comp THREE- sos 
i | Y y DQ >| 14] FLOW 
&) . : | pel — (OFW) 
R | DQ D7 (MSB) 
a4 [9 | 6) Q COMP Shee au 
iets 
6) | Hee Ty [3 | De 
| | 
R 
1/2 R | 22;-— 9 : re; COMP i a tn [4] 0s 
R ejiJ iS Hed] 
‘ 
8 | | eamaron | L[e.°f | Lep te) 
rae | | aNetees 
14R| 6) 62) 6) comp| LOGIC >—{10] bs 
ped ke Hele 
oe 
ae | | | Hel] 
Vv 
oY Fd cone if ue (F 112] D1 


R/2 | 
VREF(- ) meet Fed COMP 
1 
> 
&) 
1 


ox E}-—{P 
2 
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Specifications HI-5700 


Absolute Maximum Ratings (Note 1) 


Operating Temperature Range 


Voo OGND: cccscccnrnwer dene an neecewes cheeeu as pea enon ee TOV “HI-S70O0 SA. 6. cise ese ee ek Sask ease eieews -40°C to +85°C 
AGND IO GND Ss cease sce eee nter whee wa pee Scap nese ou ard £0.5V HS 700 dic cv ewires pxiecww lean sagan ens eeesias 09°C to +759C 
All Other Pins (MAX) ssssc04 es Sess ee wees Nee oe 4 Vpp +0.5V = Junction Temperature .......... 0. cc cece cece eee e ees +150°C 
All Other Pins (Min) ....... 02. cece eee e cece eee enes GND-O.5V Storage Temperature........... cece eee eee -65°C to +1509C 
Total Power Dissipation Ta = -40°C to +859C ......... 1000mW 


Electrical Specifications: AVpp = Vpp = +5.0V; VREF(+) = +4.0V; VREF(-) = GND = AGND = OV; Fs = Specified Clock 
Frequency @ 50% Duty Cycle; CL = 30pF; Full Temperature Range, Unless Otherwise Specified. 


PARAMETER (Note 2) 
SYSTEM PERFORMANCE 


Resolution 
Integral Linearity Error (INL) Ta = +25°9C 
Ta = Full 
Ta = +259C 
Ta = +259C 
Ta = +25°9C 
Ta = +25°C 
Ta = +25°9C 
TA = Full 
TA = +25°9C 
Ta = +25°9C 
Ta = +259C 
Ta = +2509C 
Minimum Conversion Rate Ta = Full 
Maximum Conversion Rate TA = +259C 
Ta = Full 


Differential Linearity Error (DNL) 


Full Power Input Bandwidth 
Signal to Noise Ratio (SNR) 
RMS Signal 
RMS Noise 
Signal to Noise Ratio (SINAD) 
RMS Signal 


~ RMS Noise + Distortion 
Total Harmonic Distortion 


Aperture Delay, tap 
Aperture Jitter, tay 
Vio Error 

Full Scale Error 


SWITCHING CHARACTERISTICS 


Data Output Enable Time, Tey 
Data Output Disable Time, Tpis 
Data Output Delay, top 


ELECTRICAL CHARACTERISTICS 


Total Reference Resistance 
Analog Input Resistance 
Analog Input Capacitance 
Analog Input Bias Current 
Input Logic High Voltage, Vj} 
Input Logic Low Voltage, Vi. 
Input Logic High Current 

Input Logic Low Current 
Digital Input Capacitance 
Output Logic Sink Current, IOL 
Output Logic Source Current, IOH 
Digital Output Capacitance 
Digital Output Leakage 

Supply Currrent 

Supply Current vs. Clock 
Power Supply Rejection Ratio 


TEST CONDITIONS 


Fs = 250KHz, fin = 58Hz ramp 
Fs = 250KHz, fj, = 58Hz ramp 
Fs = 10MHZ, fin = 2.4KHz ramp 
Fg = 15MHz, fi, = 3.5KHz ramp 
Fs = 20MHz, fin = 4.7KHz ramp 
Fs = 25M#7, fin = 5.9KHz ramp 
Fs = 250KHz, fin = 58Hz ramp 
Fs = 250KHz, fin = 58Hz ramp 
Fs = 10MHz, fin = 2.4KHz ramp 
Fs = 15MHz, fin = 3.5KHz ramp 
Fs = 20MHz, fin = 4.7KHz ramp 
Fg = 25M#7Z, fin = 5.9KHz ramp 
No Missing Codes 

No Missing Codes 

No Missing Codes 

FS = 14MHz 

Fs = 1.0MbzZ, fin = 100kHz 

Fg = 10MHz, fin = 100kHz 

Fg = 10MHz, fin = 3.OMHz 

Fs = 1.0MHzZ, fi, = 100kHz 

Fg = 10MHz, fin = 100kKHz 

Fs = 10MHz, fin = 3.0MHz 

Fs =10MHzZ, fin =100kHz 

Fg =10MHzZ, fin = 3.0MHz 


Vo =0.4V 
Vo = 4.6V 
CE2=0V 
CE2=0V 
Fs = 4MSPS 
Fs > 4MSPS 
5VDC +10% 
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HI-5700 


HI-5700 — 


NOTES: 1. Absolute Maximum Ratings are limiting values applied individually 
_ beyond which the device may be damaged. Functional Operation 
under any of these conditions is not necessarily implied. 


2. See Glossary of Terms. 


Timing Parameters C\. = 30pF TRUTH TABLE 


tg = Sample Time ............cee cece ees 
taz = Auto Zero Time nn Seah dch teaweltine Motes 2 > 
tap = Aperture Delay Time .............. cece cease 
tay = Aperture Jitter 2.0... cece cece eee 
top = Data Output Delay................ eee eens. 


Timing Diagram 


COMPARATOR ENCODED DATA 
DATA IS LATCHED IS LATCHED INTO 
AUTO- ZERO 1 AUTO- ZERO 2 AUTO- ZERO 3 SS ee 


CLOCK INPUT | 
| SAMPLE 1 SAMPLE 2 


PHASE 1 PHASE 2 PHASE 1 | . PHASE 2 


ANALOG INPUT 


APERTURE POINT 


DATA OUTPUT DATA QO DATA 1 


OUTPUT ENABLE TIMING DIAGRAM 


CE1 
DO- D7 DATA } para ee, _DATA 
ree atk 
HI 
OFW DATA = DATA 
IMPEDANCE 
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Performance Curves 


SUPPLY CURRENT vs. CLOCK DUTY CYCLE NORMALIZED Pp vs. TEMPERATURE 
120 10MHz 1.2 
110 14 
100 1MHz 
1.0 
90 
< 0.9 
E 80 100kHz 
P 
8 D os 
70 
60 0.7 
50 0.6 
40 0.5 
10% 15% 20% 25% 30% 35% 40% 45% 50% -35°C -15°C +5°C +425°C 445°C 465°C + +485°C 
CLOCK DUTY CYCLE = taz/ (taz tts) AMBIENT TEMPERATURE 


Application Circuit 


+9V TO 
+12V 
10022 0.01). F 
\/ 
CLOCK 
INPUT ANALOG SIGNAL 
0 INPUT 
SON, 0.01,.F 
7 OUTPUT 
PINS 
DIGITAL 
TO ANALOG Vpp 
+ 5V ° NCO 
| , ANALOG 
O.01pF == 104F Vpp (+ SV) 
TO ANALOG | NCO 
GND 
DIGITAL 
GND 
0.01}1 F 
nian Tin 


PINS +4.0V_| PRECISION DC 
+ REFERENCE 
10,.F 0.014 F 
\/ 
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Theory of Operation 


The HI-5700 is an 8-bit analog-to-digital converter based 
on a parallel CMOS “flash” architecture. This flash 
technique is an extremely fast method of A/D conversion 
because all bit decisions are made simultaneously. Very 
dense circuitry is required to realize this technique, 
however, since a separate comparator is used to detect 


‘each code transition. In all, 256 comparators are used in the 


HI-5700: (28-1) comparators to encode the output word, 
plus an additional comparator to detect Overflow. 


While bipolar flash converters usually compare the input 
signal to a string of reference voltages in real time, the 
CMOS HI-5700 works by alternately switching between a 
“Sample” mode and an ‘“Auto-Zero” mode. Splitting up the 
comparison process in this CMOS technique offers a num- 
ber of significant advantages. The offset voltage of each 
CMOS comparator is dynamically cancelled with each con- 
version cycle such that offset voltage drift is virtually elimi- 
nated during operation. In addition, the power consumption 
of CMOS circuitry is lower than bipolar, and the input clock 
may be slowed or completely halted to further reduce pow- 
er. The block diagram and timing diagram illustrate how the 
HI-5700 CMOS flash converter operates. 


The input clock which controls the operation of the HI-5700 
Is first split into a non-inverting (Phase 1) clock and an in- 
verting (Phase 2) clock. These two clocks, in turn, synchro- 
nize all internal timing of analog switches and control logic 
within the converter. 


In the “Auto-Zero” mode, all “Phase 1” switches close and 
“Phase 2” switches open. The output of each comparator is 
momentarily tied to its own input, self-biasing the compara- 
tor midway between GND and AVpp and presenting a low 
impedance to a small input capacitor. Each capacitor, in 
turn, is connected to a reference voltage tap from the resis- 
tor ladder. The Auto-Zero mode quickly pre-charges all 
256 input capacitors between the self-bias voltage and 
each respective tap voltage. 


In the “Sample” mode, all “Phase 1” switches open and 
“Phase 2” switches close. This suddenly places each com- 
parator into a sensitive high-gain amplifier configuration. In 
this open loop state, the input impedance is very high (like 
the input of a CMOS gate) and any small voltage shift at the 
input will now drive the output either high or low. The 
“Phase 2” state also switches each input capacitor from its 
reference tap to the input signal. This instantly transfers any 
voltage difference between the reference tap and input volt- 
age to the comparator input. All 256 comparators are thus 
driven simultaneously to a defined logic output. For exam- 
ple, if the input voltage is at mid-scale, capacitors pre- 
charged near zero during “Phase 1” will push comparator 
inputs higher than the self-bias voltage at “Phase 2”; ca- 
pacitors pre-charged near the reference voltage push the 
respective comparator inputs lower than the bias point. In 
general, all capacitors pre-charged by taps above the input 
voltage force a “low” voltage at comparator inputs; those 
pre-charged below the input voltage force “high” inputs at 
the comparators. 


During the next “Phase 1” Auto-Zero state, comparator out- 
put data is latched into the encoder logic block and the first 
stage of encoding takes place. The following ‘Phase 2” 
state completes the encoding process. The 8 data bits (plus 
overflow bit) are latched into the output flip-flops at the next 
falling clock edge. The Overflow bit is set if the input voltage 
exceeds (VREF(+)-1/2LSB). The output bus may be either 
enabled or disabled according to the state of CE1 and CE2 
(see Truth Table). When disabled, output bits assume a high 
impedance state. 


As shown in the timing diagram, the digital output word 
becomes valid after the second “Phase 1” state after 
sampling. There is thus a one and a half clock cycle delay 
between input sample and digital output. “Data Output 
Delay” time indicates the slight time delay for data to be- 
come valid the in “Phase 1” state. Refer to the Glossary of 
Terms for other definitions. 


Applications Information 
Signal Source 


The input to the HI-5700 should be driven by a high output 
drive amplifier or buffer such as the HA-5033. The signal 
source must handle significant transient currents from the 
large dynamic capacitive load that occurs during conver- 
sion. The signal source may drive above or below the power 
supply rails, but should not exceed about 0.5V beyond 
the rails or damage may occur. Input voltages of 
~-0.5V to 1/2LSB are converted to all Zeros; input voltages of 
(VREF(+)-1/2LSB) to (AVpp+0.5V) are converted 
to all ones with Overflow bit set. 


Power Supplies 


The HI-5700 operates nominally from 5 volt supplies but 
will work from 3 volts to 6 volts. Power to the device is split 
such that analog and digital circuits within the HI-5700 are 
powered separately. The analog supply should be well reg- 
ulated and -“clean” from significant noise, especially high 
frequency noise. The digital supply should match the 
analog supply within about 0.5 volts and should be refer- 
enced externally to the analog supply at a single point. 
Analog and digital grounds should not be separated by 
more than 0.5 volts. It is recommended that power supply 
decoupling capacitors be placed as close to the supply pins 
as possible. A combination of 0.01yuF ceramic and 10yF 
tantalum capacitors are recommended for this purpose as 
shown in the application circuit schematic. 


Reducing Power Consumption 


Power dissipation in the HI-5700 is related to clock 
frequency and clock duty cycle. For a fixed 50% clock duty 
cycle, power may be reduced by lowering the clock fre- 
quency. For given conversion frequency, power may be 
reduced by reducing the Auto-Zero (‘Phase 1”) portion of 
the clock duty cycle (up to the minimum t,z limit). This rela- 
tionship is illustrated in the Performance Curves. Power can 
be minimized by halting the clock in the Sample (“Phase 2”) 
state. 
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Applications Information (Continued) 
Voltage Reference 


The reference voltage is applied across the resistor ladder 
at the input of the converter, between VREF(-+) and VREF(-). 
In most applications, VREF(-) is simply tied to analog 
ground such that the reference source drives VREF(+). The 
reference must be capable of supplying enough current to 
drive the minimum ladder resistance of 210 Ohms over tem- 
perature. 


The HI-5700 is specified for a reference voltage of 4.0 volts, 
but will operate with voltages as high as the AVpp supply. 
In the case of 4.0 volt reference operation, the converter 
encodes the analog input into a binary output in LSB 
increments of (VREF(+) - VREF(-))/256, or 15.6mV. 
Reducing the reference voltage reduces the LSB size 
proportionately and will thus increase linearity errors. The 
‘ minimum practical reference voltage is about 2.5 volts. 
Because the reference voltage terminals are subjected to in- 
ternal transient currents during conversion, it is important to 
drive the reference pins from a low impedance source and 
to decouple thoroughly. Again, ceramic and tantalum 
(0.01uF and 10yF) capacitors near the package pin are 
recommended. It is not necessary to decouple the 1/4REF, 
1/2REF and 3/4REF tap point pins for most applications. 


It is possible to elevate VREF(-) from ground if necessary. In 
this case, the VREF(-) pin must be driven from a low 
impedance reference capable of sinking the current 
through the resistor ladder. Careful decoupling is again 
recommended. 


Digital Control and Interface 


The HI-5700 provides a standard high speed interface to 
external CMOS and TTL logic families. Two chip enable in- 
puts control the three-state outputs of output bits DO 
through D7 and the Overflow (OFW) bit. As indicated in the 
Truth Table, all output bits are high impedance when CE@2 is 
low, and output bits DO through D7 are independently con- 
trolled by CE1. 


Clock 


The clock should be properly terminated to digital ground 
near the clock input pin. Clock frequency defines the con- 
version frequency and controls the converter as described 
in the “Theory of Operation” section. The Auto-Zero 
(‘Phase 1”) half cycle of the clock may be reduced to 25ns; 
the Sample (‘Phase 2”) half cycle may be varied from a 
minimum of 25ns to a maximum of Sys. Refer to the Timing 
Parameters table and the Timing Diagram for more informa- 
tion. 


Zeroing Full Scale Error and Vjo Error 


Full Scale Error may be zeroed by adjusting the reference 
voltage higher or lower such that the 254 to 255 code tran- 
sition occurs at the ideal location. Vio Error may be 
adjusted in a similar fashion if a negative reference voltage 
is used. In this case the negative reference should be 
adjusted such that the O to 1 code transition occures at the 
ideal location. 


Glossary of Terms 


Aperture Delay: Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to clock path propagation delays. 


Aperture Jitter: This is the rms variation in the aperture 
delay due to random noise effects. 


Differential Linearity Error: The differential linearity error 
is the difference in LSBs between the spacing of the meas- 
ured midpoint of adjacent codes and the spacing of ideal 
midpoints of adjacent codes. The ideal spacing of each 
midpoint is 1.0LSB. The range of values that are possible 
are minimum of -1.0LSB (which implies a missing code) to 
positive values that can exceed +1.0LSB. 


Full Power Input Bandwidth: Full power bandwidth is the 
frequency at which the amplitude of the fundamental of the 
digital output word has decreased 3dB below the amplitude 
of an input sine wave. The input sine wave has a peak to 
peak amplitude equal to the reference voltage. The band- 
width given is measured at the specified sampling frequen- 
cy. 


Full Scale Error: Full Scale Error is the difference between 
the actual input voltage of the 254 to 255 code transition 
and the ideal value of (VREF(+) - 1.5LSB). This error is 
expressed in LSBs. 


Integral Linearity Error: The integral linearity error is the 
difference in LSBs between the measured code centers and 
the ideal code centers. The ideal code centers are calcu- 


lated using a straight line drawn between the endpoints of -|’ 


the converter’s transfer function. 


LSB: Least Significant Bit = (VREF(+) - VREF(-))/256. All 
HI-5700 specifications are given for a 15.6mV LSB size 
(VREF(+) = 4.0V, VREF(-) = 0.0V). 


Power Supply Rejection Ratio: PSRR is expressed in 
LSBs and is the maximum shift in code transition points due 
to a power supply voltage shift. This is measured at the 0 to 
1 code transition point and the 254 to 255 code transition 
point with a power supply voltage shift from the nominal 
value of 5.0V. 


Signal to Noise Ratio (SNR); The ratio in dB of the rms 
signal to rms noise at specified input and sampling 
frequencies. 


Signal to Noise Ratio (SINAD): The ratio in dB of the rms 
signal to the rms sum of the noise and harmonic distortion 
at specified input and sampling frequencies. 


Total Harmonic Distortion (THD): The ratio in dB of the 
rms sum of the first five harmonic components to the rms 
signal for a specified input and sampling frequency. 


Vio Error: The difference between the actual input voltage 
of the 0 to 1 code transition and the ideal value of (VREF(-) 
+ 0.5LSB). Vio Error is expressed in LSBs. . 


5-43 


HI-5700 


DATA ACQUISITION 


D/A CONVERTERS. 


SCIECHON-GUIGE’, -Hesti vcs et andes deb wustee e ba aN Mate amte heme we ds ieee esata 6-2 
AD7520 10-Bit Multiplying D/A Converter ..... 0... cc ccc cece ccc eee e eee enceaneeees 6-3 
AD7521 12-Bit Multiplying D/A Converter .... 0.0... ccc ccc cece cece eee e ee eenes 6-3 
AD7523 8-Bit Multiplying D/A Converter. ........ 00. ccc cece ete e eee e een e en eeeeenees 6-10 
AD7530 10-Bit Multiplying D/A Converter ...... 0... ccc ect e eee eee e tent eenenes 6-3 
AD7531 12-Bit Multiplying D/A Converter -... 0... ccc cece cece cece ence en eeees 6-3 
AD7533 10-Bit Multiplying D/A Converter .... 0.0... 0.00.00 0c ccc ee eens 6-16 
AD7541 12-Bit Multiplying D/A Converter ...........0.0 0.0000 eee 6-22 
AD7545 12-Bit Buffered Multiplying CMOS DAC ............. 0.2.2.0: eee ees 6-29 
CA3338 CMOS Video-Speed 8-Bit R-2R D/A Converter ...............0-0 0c eee 6-37 
HI-562A 12-Bit High-Speed Monolithic D/A Converter .................. 0000 e ee eee 6-46 
HI-565A High-Speed Monolithic D/A Converter with Reference .................... 6-52 
~ HI-DAC16B/DAC16C. 16-Bit D/A Converter ......0 0.00. e tenn eens 6-59 
HI-DAC80V 12-Bit, Low-Cost, Monolithic D/A Converter ...................0. 0222 e eee 6-66 
HI-DAC85V 12-Bit, Low Cost, Monolithic D/A Converter ..................00.- eee eee 6-72 
ICL7121 16-Bit Multiplying Microprocessor-Compatible D/A Converter ............... 6-78 
ICL7134 14-Bit Multiplying n.P-Compatible D/A Converter ..................2200056- 6-85 
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CMOS D/A Converters 


Settling Integral Non- Diff. Non- i 
Res. | Timeto Linearity Linearity Output | Input Temp. 
Type (Bits) | %2LSB (+ %FSR : LSB) (+ LSB) V/V Buffer Range (°C) Comment 
AD7523 ; : Guaranteed | 1.8 max. Oto +70 Multiplying DAC 
‘ : monotonic 


-~55 to +125 | Industry standard 
oem 0.4 -40to +85 | Video applications 
oem 0.3 -55to +125 | Lowglitch 
AD7520 
AD7530 


51016 | Oto+70 | Multiplying DAC 
AD7533 


ol -25to +85 | Industry standard 
AD7521 12 : ; 
AD7531 : : 


Industry standard 
Low cost 


Oto +70 Multiplying DAC 
-25to +85 | Industry standard 
-55 to +125 


Oto +70 Multiplying DAC 
-25to+85 | High performance 
-55 to+125 | Industry standard 


= -55to +125 
e 5 to 16 Oto +70 Multiplying DAC 
AD7541 12 : : 
; 0.012: 
0.012: 
AD7545 


0 to +70 Mulitplying DAC 
-40 to +85 | Industry standard 


ae -55 to +125 
Yes Oto +70 On-chip PROM = 
double ; -25to +85 |} Controlled 
-55 to +125 | Correction DAC 


; 0 to +70 On-chip PROM | 
a -55 to +125 } Controlled 
Correction DAC 


o 
(e) 


ICL7134 14 0.012: 3/2 
0.006 : 1 
0.003: ¥2 


ICL7121 16 
0.006: 4 
0.003: 2 
(1 LSB typ.) 


Settling 


Integral Non- 
Time to Linearity 


Diff. Non- e 
es. Linearity i ‘ 
Type in, YaLSB | (+ %FSR:LSB) (+ LSB) _ | Range (°C) Comment 


ICL8018A 200ns ae Maximum absolute error.at any +5 0to+70 4-bit expandable 
ICL8019A (12 bits) Input Code 215 
12 


~55to +125 | current-switch 
-— died - = 
HI-DAC80V} 12 “1.5ys 0.012: % O0to+75 On-chip reference 
: and output op-amp 
on 5 V -25to +85 | On-chip reference 
and output op-amp 


1.5ys 0.012: % 
ips 0.002 : 3/2 Oto +75 High temperature 
(14 bits) | 0.0045: 3 (typ.) 2 ioe ) stability 


Oto+75_ | industry standard 
-25 to +85 


-55 to +125 


0 to +75 On-chip +10V 
-55to +125 | reference 
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AD7520/AD7530 AD7521/AD7531 


™ HARRIS AD7520/AD7530 


LE SEMICONODUCTOR 
AD7521/AD7531 
10/12-Bit Multiplying 
D/A Converters 


GENERAL DESCRIPTION FEATURES 

The AD7520/AD7530 and AD7521/AD7531 are mono- © AD7520/AD7530: 10 Bit Resolution; 8, 9 and 10 Bit 
lithic, high accuracy, low cost 10-bit and 12-bit resolution, Linearity 
multiplying digital-to-analog converters (DAC). Harris’ thin- ® AD7521/AD7531: 12 Bit Resolution; 8, 9 and 10 Bit 
film on CMOS processing gives up to 10-bit accuracy with Linearity 


TTL/CMOS compatible operation. Digital inputs are fully 


protected against static discharge by diodes to ground and wow Power Dissipation: 20mw' (Max) 


positive supply. ¢ Low Nonlinearity Tempco: 2 ppm of FSR/°C 
Typical applications include digital/analog interfacing, ¢ Current Settling Time: 500ns to 0.05% of FSR 

multiplication and division, programmable power supplies, © Supply Voltage Range: + 5V to + 15V 

CRT character generation, digitally controlled gain circuits, ® TTL/CMOS Compatible 


integrators and attenuators, etc. 


The AD7530 and AD7531 are identical to the AD7520 
and AD7521, respectively, with the exception of output leak- 
age current and feedthrough specifications, 


ORDERING INFORMATION 


: : Part Number/Package 
Nonlinearity 
Plastic DIP CERDIP CERDIP 


© Full Input Static Protection 
® /883B Processed Versions Available 


AD7520JN AD7520JD AD7520SD 

0.2% (8-Bit) AD7530JNN AD7520SD/883B 
AD7521JN AD7521SD/883B 
AD7531JNN 


AD7520KN 
AD7530KN 
AD7521KN 
AD7531KN 


0.1% (9-Bit) 


AD7520KD AD7520TD 
| AD7520TD/883B 


AD7520LN AD7520LD AD7520UD 
0.05% (10-Bit) AD7530LN AD7520UD/883B 
AD7521LN 
AD7531LN 
TEMPERATURE 
°C to + 70° —25°C to + 85° —55°C to + 125°C 


10K1) 10KN 10KQ 


5 RFEEDBACK 


(Switches shown for Digital Inputs “High’’) 
(Resistor values are nominal) 
Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 300105-—004 


NOTE: All typical values have been characterized but are not tested. 6-3 


AD7520/AD7530 
AD7521/AD7531 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Supply Voltage (V+) .......... EN MeN a lial aa ests eile +17V Operating Temperature 

VBEP stsestadede Be Deuce tas beeen eseeue lee + 25V JN, KN, LN Versions ................... 0o°c to + 70°C 

Digital Input Voltage Range ................. V+ to GND JD, KD, LD Versions .................. — 25°C to 85°C 

Output Voltage Compliance ............. —100mV to Vt SD, TD, UD Versions:............... — 55°C to + 125°C 

Power Dissipation (package) Storage Temperature .................. — 65°C to 150°C 
UDIO 7 SC «ese eben sawn nee oMae wa eeees 450mW Lead Temperature (Soldering, 10sec) ............. 300°C 
derate above + 75°C @ ...... eee 6mW/°C . 

CAUTION: | 


1) The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all times. 


2) Do not apply voltages higher than Vpp or less than GND potential on any terminal except Vagr and Reeeppack: 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


TOP VIEW A0D7521 (AD7531) 


AD7520 (AD7530) 18] RFEEDBACK 


| 16] RFEEDBACK 


BIT 1 (MSB) 4 


BIT 1(mSB)(4] 


0330-2 
Figure 2: Pin Configurations 


ELECTRICAL CHARACTERISTICS (v+=+15V, Vaer=+10V, Ta=25°C unless otherwise specified) 


no AD7520 AD7521 seni 
eee (aD7520) | (AD7531) jot fm 


DC ACCURACY (Note 1) 


[| 2 | o. | _ 


Nonlinearity Fig. 3 + 0.2 (8-Bit) % of FSR Max 
(Note 2) 

+0.1 (9-Bit) % of FSR 
Fig. 3 + 0.05 (10-Bit) % of FSR 


S, T, U: over —55°C to + 125°C 


VERSION 


—10V<Vpers + 10V 


Nonlinearity Tempco 
(Notes 2 and 3) 


Gain Error (Note 2) 


Gain Error Tempco 
(Notes 2 and 3)... 


NOTE: All typical values have been characterized but are not tested. 


—10V<Vprrs< +10V 


+2 
%ofFSR_| Typ 
+10 
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AD7520/AD7530 AD7521/AD7531 


AD7520/AD7530 
AD7521/AD7531 


ELECTRICAL CHARACTERISTICS (V+ =+15V, Vace= + 10V, Ta = 25°C unless otherwise specified) 
(Continued) 


fe: AD7520 AD7521 ha 
pee (AD7530) | (AD7531) unt |i 
Output Leakage Current Over the specified temperature +200 nA Max 
(either output) range (+300) 


Power Supply Rejection (Note 2) +0.005 % FSR/% AVt 
inputs low to high and high to 


AC ACCURACY (Note 3) 
Output Current Settling Time Fig. 8 500 Typ 
low) 
Vrer = 20V pp, 100kHz 
: 1 
Feedthrough Error (50kHz) All digital inputs low Fig. 7 0 mV pp Max 


REFERENCE INPUT 
5k Min 
10k ne | Typ 
20k Max 
ANALOG OUTPUT Lt! 
Voltage Compliance (both outputs) | (Note 3) 4 See absolute max. ratings Lt 
Output Capacitance lout; | All digital inputs high Fig. 6 — 120 pF Typ 
(Note 3) louT2 37 pF Typ 
lout; | All digital inputs low Fig. 6 37 pF Typ 
louT2 120 pF Typ 
Output Noise (both outputs) Equivalent to 10kQ. 
; T 
(Note 3) Be Johnson noise yP 


To 0.05% of FSR (All digital 


Input Resistance All digital inputs high 


louti at ground. 


DIGITAL INPUTS 
Low State Threshold 


POWER REQUIREMENTS 


Power Supply VoltageRange | 
|+ All digital inputs at OV or V+ 
(Excluding Ladder Network) All digital inputs high or low 
Total Power Dissipation 
(Including the ladder network) 
NOTES: 1. Full scale range (FSR) is 10V for unipolar and + 10V for bipolar modes. 

2. Using internal feedback resistor, ReEEpBACK: 


3. Guaranteed by design, not subject to test. 
4. Accuracy not guaranteed unless outputs at GND potential. 


fF erin We eee | 
Typ | 


: 
> 


NOTE: All typical values have been characterized but are not tested. 
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TEST CIRCUITS NOTE: The following test circuits 


apply for the AD7520. Similar circuits are used for the 
AD7530, AD7521 and AD7531. 


> 
LINEARITY 
ERROR 
X 100 


UNGROUNDED 
SINE WAVE 
GENERATOR 


VeRROR 
X 100 


BIT 1 (MSB) i 


Figure 5: Noise 


NOTE: All typical values have been characterized but are not tested. 


AD7520/AD7530 
AD7521/AD7531 


VreF = 20V p-p 100 kHz SINE WAVE 


5t: 1% SETTLING (1 mV) 
EXTRAPOLATE 8t: 0.03% SETTLING 
t=rise time 


~ OSCILLOSCOPE 


Figure 8: Output Current Settling Time 


DEFINITION OF TERMS 


NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a ‘‘best straight line” through the ac- 
tual plot of transfer function. Normally expressed as a per- 
centage of full scale range or in (Sub)multiples of 1 LSB. 


RESOLUTION: It is addressing the smallest distinct analog 


output change that a D/A converter can produce. It is com- 
monly expressed as the number of converter bits. A con- 
verter with resolution of n bits can resolve output changes 
of 2— of the full-scale range, e.g. 2—" Vref for a unipolar 
conversion. Resolution by no means implies linearity. 


SETTLING TIME: Time required for the output of a DAC to 
settle to within specified error band around its final value 
(e.g. % LSB) for a given digital input change, i.e. all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an- 
alog output values at full-scale range, i.e. all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 


AD7520/AD7530 AD7521/AD7531 


AD7520/AD7530 AD7521/AD7531 


FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vpre_r to lout with all digital inputs LOW. 


OUTPUT CAPACITANCE: Capacitance from Ioyti and 
lout2 terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on . 


lout1 terminal when all digital inputs are LOW or on Ioyte2 
terminal when all digital inputs are HIGH. 


DETAILED DESCRIPTION 


The AD7520, AD7530, AD7521 and AD7531 are mono- 
lithic, multiplying D/A converters. A highly stable thin film 
R-2R resistor ladder network and NMOS SPDT switches 
form the basis of the converter circuit, CMOS level shifters 
permit low power TTL/CMOS compatible operation. An ex- 
ternal voltage or current reference and an operational am- 
plifier are all that is required for most voltage output applica- 
tions. 

A simplified equivalent circuit of the DAC is shown in Fig- 
ure 9. The NMOS SPDT switches steer the ladder leg cur- 
rents between Ioyt; and Ioyut2 buses which must be held 
either at ground potential. This configuration maintains a 
constant current in each ladder leg independent of the input 
code. 


10K0 10K1) 10K 


RFEEDBACK 


at BIT3 ~ (16/18) 
(5) (8) 
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(Switches shown for Digital Inputs ‘“High’’) 
Figure 9: AD7520/21/30/31 Functional Diagram 


Converter errors are further reduced by using separate 
metal interconnections between the major bits and the out- 
puts. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 


The level shifter circuits are comprised of three inverters . 


with a positive feedback from the output.of the second to 
the first, (Figure 10). This configuration results in TTL/ 
CMOS compatible operation over the full military tempera- 
ture range. With the ladder SPDT switches driven by: the 
level shifter, each switch is binarily weighted for an ON re- 
sistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis- 
tors and highly accurate leg currents. 


NOTE: All typical values have been characterized but are not tested. 


AD7520/AD7530 
AD7521/AD7531 


DIL/TIL/CMOS 
INPUT 
lour2 ‘outs 


DIGITAL 
INPUT 


0330-12 
Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


TABLE 1 
CODE TABLE — UNIPOLAR BINARY OPERATION 


Digital Input Analog Output 
1111111111 —Vrer (1-279) 


—Vrer (Y2+279) 


a 


NOTE: 1. LSB=279 Vper 
2. n= 10 for 7520, 7530 
n= 12 for 7521, 7531 


APPLICATIONS 


Unipolar Binary Operation 


The circuit configuration for operating the AD7520 in uni- 
polar mode is shown in Figure 11. Similar circuits can be 
used for AD7521, AD7530 and AD7531. With positive and 
negative Vre_er values the circuit is capable of 2-Quadrant 
multiplication. The “Digital Input Code/Analog Output Val- 
ue’”’ table for unipolar mode is given in Table 1. 


ZERO OFFSET ADJUSTMENT 
1. Connect all digital inputs to GND. 


2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV at Voyr. 


GAIN ADJUSTMENT 
1. Connect all digital inputs to V+. 
2. Monitor Voyt fora —Vpre_er (1-27) reading. (n= 10 
for AD7520/30 and n= 12 for AD7521/31). 
3. To decrease VoyT,. connect a series resistor (0 to 


2502) between the reference voltage and the Vper 
terminal. 


4. To increase Voyrt, connect a series resistor (0 to 
250) in the loyti amplifier feedback loop. 


Bipolar (Offset Binary) Operation 


The circuit configuration for operating the AD7520 in the 
bipolar mode is given in Figure 12. Similar circuits can be 
used for AD7521, AD7530 and AD7531. Using offset binary 
digital input codes and positive and negative reference volt- 
age values, 4-Quadrant multiplication can be realized. The 
“Digital Input Code/Analog Output Value” table for bipolar. 
mode is given in Table 2. 


VREF 


DIGITAL 
INPUT 


Figure 12: Bipolar Operation 
(4-Quadrant Multiplication) 


| TABLE 2 
CODE TABLE — BIPOLAR (OFFSET BINARY) 
OPERATION 


DIGITAL INPUT 
| 1000000000 fo 


0111111111 Veer (2-(1-1)) 
VreF (1-27 (1— 1) 


NOTE: 1. LSB=2-(n-1) Veer 
2. n=10 for 7520 and 7521 
= 12 for 7530 and 7531 


NOTE: All typical values have been characterized but are not tested. 
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AD7520/AD7530 
AD7521/AD7531 


A “Logic 1” input at any digital input forces the corre- 
sponding ladder switch to steer the bit current to Ioyt 1 bus. 
A “Logic 0” input forces the bit current to loyt2 bus. For 
any code the loyti and Iout2 bus currents are comple- 
ments of one another. The current amplifier at loyt2 chang- 
es .the polarity of Ioy tea current and the transconductance 


~ amplifier at Ioy7t; output sums the two currents. This config- 


uration doubles the output range. The difference current re- 
sulting at zero offset binary code, (MSB= “Logic 1”, All oth- 
er bits= ‘“‘Logic 0”), is corrected by using an external resis- 


tor, (10 Megohm), from Vpr_er to Ioute.- 


OFFSET ADJUSTMENT 
1. Adjust Veer to approximately + 10V. 
2. Connect all digital inputs to “Logic 1”. 
3. Adjust loyte amplifier offset adjust trimpot for OV 
+1mvV at lout2 amplifier output. 
4. Connect MSB (Bit 1) to “Logic 1”. and all other bits 
to “Logic 0”. . 
5. Adjust lout; amplifier offset adjust trimpot for OV 
+1 mV at Vour. 
GAIN ADJUSTMENT 


1. Connect all digital inputs to Vt. 


2. Monitor Vout for a —Vrer (1-2—("-1)) volts read-. 


“ing. (n=.10 for AD7520 and AD7530, and n= 12 for 
AD7521 and AD7531). 
3. | Toincrease Voyt, connect a series resistor of up to 
2502 between Vout and RreepBack: 
4. To decrease VoyT, connect a series resistor of up 
to 2500 between the reference voltage and the 
Vrer terminal. 


AD7520/AD7530 AD7521/AD7531 


AD7520/AD7530 AD7521/AD7531 


Analog/Digital Division 
With the AD7520 connected in its normal multiplying con- 
figuration as shown in Figure 11, the transfer function is: 


3 Ai, A2 As An 
Vo=—ViIn (St 32 Tae . on 
where the coefficients A, assume a value of 1 for an ON bit 
and 0 for an OFF bit. 
By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 13, the transfer function be- 
comes: 


Gas —VIN 

OT TA, Ao A A 
Ar Ag, Ag, An 
21°92 93. °° ‘an 


This is division of an analog variable (Vix) by a digital 
word. With all bits off, the amplifier saturates to its bound, 
since division by zero isn’t defined. With the LSB (Bit-10) 
ON, the gain is 1023. With all bits ON, the gain is 1 (+1 
LSB). 


NOTE: All typical values have been characterized but are not tested... 


AD7520/AD7530 
AD7521/AD7531 


DIGITAL 


INPUT 


0330-15 
Figure 13: Analog/Digital Divider 


For further information on the use of this device, see the 
following Application Bulletins: 


A018: “Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 


“Principles of Data Acquisition and Conversion”. 


“Interpretation of Data Converter Accuracy Specifi- 
cations”. 


A002 
A042 


mm 


om IRS 


SEMICONDUCTOR 


‘GENERAL DESCRIPTION 


~ The AD7523 is a monolithic, low cost, high performance, 
10 bit accurate, multiplying digital-to-analog converter 
(DAC), in a 16-pin DIP. 


Harris’ thin-film resistors on CMOS circuitry provide 8-bit 


resolution (8, 9 and 10-bit accuracy), with TTL/CMOS com- — 


patible operation. 


The AD7523’s accurate four quadrant multiplication, full 
military temperature range operation, full input protection 
from damage due to static discharge by clamps to V+ and 
GND, and very low power dissipation make it a very versa- 
tile converter. 


Low noise audio gain controls, motor speed controls, digi- 
tally controlled gain and attenuators are a few of the wide 
range of applications of the 7523. 


ORDERING INFORMATION 


VreriNn 10KQ) 10K). 10K 10KQ 


Nonlinearity 
. Plastic DIP CERDIP 


poems) | rN PT 
| oosveropiy | GN | 


AD7523 
8-Bit Multiplying 
D/A Converter 


FEATURES 
® 8, 9 and 10 Bit Linearity 
© Low Gain and Linearity Temperature Coefficients 


~ @ Full. Temperature Range Operation 


® Static Discharge Input Protection 

® DTL/TTL/CMOS Compatible 

e +5 to +15 Volts Supply Range 

® Fast Settling Time: 150ns Max at 25°C 
® Four Quadrant Multiplication 


Part Number/Package 


— 55°C to + 125°C 


16] RFeEDBACK 


BIT 1(MSB)|4] AD7523 


AD7523 


© louT2(2) 
© lout: (1) 


4 4 tM aoa o RFEEDBACK 
MSB BIT2 (16) 
(4) (5) ; 
TOP VIEW 


Figure 1: Functional Diagram 
(Switches shown for Digital Inputs “High’’) 


Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
- WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. ; 


NOTE: All typical values have been characterized but are not tested. 6-10 


AD7523 
i) 
a 
= ABSOLUTE MAXIMUM RATINGS = (T,=25°C unless otherwise noted) 
Supply Voltage (Vt)... ... cece eee ee eee +17V Ceramic Package — 
NBER eae heats ner enieed cay ake ae wens + 25V MIDAOH7 os a bes santos aw wae eens ig nee mdse 450mW 
Digital Input Voltage Range ................. V+ to GND derate above 75°C by ............... 2. eee 6mW/°C 
Output Voltage Compliance ............. —100mvV to Vt Operating Temperatures 
Power Dissipation: JN, KN, LN Versions ................... 0°C to + 70°C 
Plastic Package — TO NGISION: 4 .ateenn cen qeecuet wien — 55°C to + 125°C 
[Hol (a Wie aaa. 9 i Spree pany mee a gO ee 670mW Storage Temperature ................ —65°C to + 150°C 
derate above + 70°C by ...............008. 8.3mW/°C Lead Temperature (Soldering, 10sec) ........... + 300°C 
TSS CAUTION: 


1. The-digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 


2. Do not apply voltages higher than VDD and lower than GND to any terminal except Vaer + REEEDBACK: 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


(Vt = + 15V, Vrer = + 10V, Vout1 = VouT2= OV unless otherwise specified) 


= Ta Ta ee 
t 
Parameter Test Conditions +25°C | Min-Max punt Limi 


DC ACCURACY (Note 1) 
fe Bits 
+0.2 % of FSR 
—10V<Vper< +10V % of FSR 
Pal VouT1= Vout2=0V % of FSR 
| Garantcrs | 


+1.5 + 1.8 % of FSR 
ppm of FSR/°C 
ppm of FSR/°C 


= 
5 


= 
i) 
x 


FE 
pe) 
x< 


M 


pe) pel 
x< x x 


se) 


+2 
Gain Error Tempco (Notes 2 and 3) +10 


Output Leakage Current +50 + 200 
(either output) 


AC ACCURACY 
Power Supply Rejection (Note 2) % of FSR/% AVt 


Max 


> 


Max 
Max 


ns 
Vree= aes PP, 200kHiz sine wave. LSB Max 
All digital inputs low. 


on 


se) 
x 


x 


All digital inputs high. 


Input Resistance (Pin 15) louti at ground 


Temperature Coefficient (Note 3) 
ANALOG OUTPUT 


Output Capacitance All digital inputs high 
‘aia 


All digital inputs low 
| Cours | 


jo) 
T 
Tl 


—_ —_ 
w | 

° ° 
soma ke) 
nT 
ia ae 
© |2 | 
x |x |x 


ne) 
nl 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 


AD7523 


(Vt = + 15V, Vaer= + 10V, Vouts = VouT2= OV unless otherwise specified) (Continued). 


Input Capacitance (Note 3) 


2. Using internal feedback resistor, REEEDBACK: - 
3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 


DETAILED DESCRIPTION 


The AD7523 is a monolithic multiplying D/A converter. A 
highly stable thin film R-2R resistor ladder network and 
NMOS SPDT switches form the basis of the converter cir- 
cuit, CMOS level shifters permit low power TTL/CMOS 
compatible operation. An external voltage or current refer- 
ence and an operational amplifier are all that is required for 
most voltage output applications. 


A simplified equivalent circuit of the DAC is shown in Fig- 
ure 3. The NMOS SPDT switches steer the ladder leg cur- 
rents between loyti and loyt2 buses which must be held 
at ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 


10k 10k 10k 


NMOS 
SWITCHES 


6 
MSBsBIT2.«S—sBITS 


(4) (5) (6) 


(Switches shown for Digital Inputs “High”’) 


an Ta Ta baa 
t t 
Parameter | Test Conditions 125°C Min—-Max junit Limi 


er 
ee 


POWER REQUIREMENTS 


Power Supply Voltage Range Accuracy is tested and guaranteed +5to +16 . 
at Vt = + 15V, only. 


V 
{+ (Excluding Ladder Network) . | All digital inputs High or Low 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and + 10V for bipolar modes. 


4 
je) 
x< 


Converter errors are further reduced by using separate 
metal interconnections between the major bits and the out- 
puts. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 


The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPDT switches driven by the level 
shifter, each switch is binarily weighted for an ON resist- 
ance proportional to the respective ladder leg current. This 
assures a constant voltage drop across each switch, creat- 
ing equipotential terminations for the 2R ladder resistors 
and highly accurate leg currents. 


© RFEEDBACK 
(16) 


Figure 3: AD7523 Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 


AD7523 


AD7523 


DTL/TIL/CMOS 
INPUT 


AD7523 


TO LADDER 


lour2. —s ours 


Figure 4: CMOS Switch 


APPLICATIONS 
UNIPOLAR OPERATION 


210V +15V 


INPUTS + LSB 
U 


0331-3 


NOTES: 1. R1 and R2 used only if gain adjustment is required. 
2. CR1 protects AD7523 against negative transients. 


Figure 5: Unipolar Binary Operation 


APPLICATIONS 


Unipolar Binary Operation 

The circuit configuration for operating the AD7523 in uni- 
polar mode is shown in Figure 5. With positive and negative 
Vrer values the circuit is capable of 2-Quadrant multiplica- 
tion. The “Digital Input Code/Analog Output Value” table 
for unipolar mode is given in Table 1. 
ZERO OFFSET ADJUSTMENT 

1. Connect all digital inputs to GND. 


2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV +1 mV (max) at Vour. 


NOTE: All typical values have been characterized but are not tested. 


GAIN ADJUSTMENT 
1. Connect all digital inputs to Vt. 
2. Monitor Vout for a —Vrer (1 — %8) reading. 


3. Toincrease Voyrt, connect a series resistor, R2, (0. 
to 250) in the loyt; amplifier feedback loop. 


4.  Todecrease Vout, connect a series resistor, R1, (0 
to 25029) between the reference voltage and the 
Vrer terminal. 


Table 1. Unipolar Binary Code Table 


Digital Input 
t 
MSB LSB Analog Outpu 


11111111 


10000001 


10000000 


01111111 


00000001 


00000000 


1 
NOTE: 1LSB=(2~8) (VReF)= (==) (VReF) 


BIPOLAR OPERATION 


£10V +15V 
VREF 


DATA | MSB 
INPUTS 1 LSB 
e 


R6, 10M 


NOTES: 

1. R3/R4 MATCH 0.1% OR BETTER. 

2. R1, R2 USED ONLY IF GAIN ADJUSTMENT !S REQUIRED. 

3. CR1 & CR2 PROTECT AD7523 AGAINST NEGATIVE TRANSIENTS. 


R4 5k 


AD7523 


R3 5k 


Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 


Bipolar (Offset Binary) Operation 

The circuit configuration for operating the AD7523 in the 
bipolar mode is given in Figure 6. Using offset binary digital 
input codes and positive and negative reference voltage 
values, Four-Quadrant multiplication can be realized. The 
“Digital Input Code/Analog Output Value” table for bipolar 
mode is given in Table 2. 


Table 2. Bipolar (Offset Binary) Code Table 


Digital Input 
MSB LSB Analog Output 


114111111 


10000004 


10000000 


01111111 


00000001 


00000000 


4 
NOTE: 1LSB=(2~7) (VReF)= (=) (VReF) 


NOTE: All typical values have been characterized but are not tested. 
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A “Logic 1” input at any digital input forces the corre- 
sponding ladder switch to steer the bit current to Ioy tT; bus. 
A “Logic 0” input forces the bit current to loyte bus. For 
any code the lout; and loyt2 bus currents are comple- 
ments of one another. The current amplifier at loyta chang- 
es the polarity of Ioyta current and the transconductance 
amplifier at Ioyt 1 output sums the two currents. This config- 
uration doubles the output range. The difference current re- 
sulting at zero offset binary code, (MSB= “Logic 1”, All oth- 
er bits= ‘‘Logic 0’’), is corrected by using an external resis- 
tor, (10 MQ), from Vrer to loute (Figure 6). 


OFFSET ADJUSTMENT | 
1. Adjust Vper to approximately + 10V. 
2. Connect all digital inputs to ‘Logic 1”. 


3. Adjust loyta amplifier offset adjust trimpot for OV 
+1 mV at loyte2 amplifier output. 


4. Connect MSB (Bit 1) to “Logic 1” and all other bits 
to ‘‘Logic 0”. 
5. Adjust lout; amplifier offset adjust trimpot for OV 
+1 mV at Vour. 
GAIN ADJUSTMENT 
1. Connect all digital inputs to VT. 
2. Monitor Voyt fora —Vre_er (1 — 27) volts reading. 


3. To increase Vout, connect a series resistor, R2, of 
up to 250 between Vout and RreepBack: 
4. Todecrease Vout, connect a series resistor, R1, of 


up to 2502. between the reference voltage and the 
Vref terminal. 


AD7523 


AD7523 


POWER DAC DESIGN USING AD7523 


AD7523 


MSB! DIGITAL 


15 14 16 
4 1 


DIGITAL 
INPUT 
"Dp" 


BIT 8 


AD7523 


2 - ( RiD 
R; + Ro Ry + Ro 
Bit 2 Bit 8 
met ae 


Vout = VReF | ( 


Bit 1 
Where D = —— + 
a1 22 


(o<0 28) 
256 


) INPUT 


Vout = - Vin/p 
WHERE: 


_ BIT! BIT2, BITS 
21° 2 26 


(<0: 8) 


9] 


Figure 8: Modified Scale Factor and Offset 


DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAC 


transfer function from a “best straight line’ through the ac-: 


tual plot of transfer function. Normally expressed as a per- 
centage of full scale range or in (sub)multiples of 1 LSB. 


RESOLUTION: It is addressing the smallest distinct analog 
output change that a D/A converter can produce. It is com- 
monly expressed as the number of converter bits. A con- 
verter with resolution of n bits can resolve output changes 
of 2—" of the full-scale range, e.g. 2—" Vref for a unipolar 
conversion. Resolution by no means implies linearity. 


SETTLING TIME: Time required for the output of a DAC to 
settle to within specified error band around its final value 
(e.g. 1% LSB) for a given digital input change, i-.e., all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an- 
alog output values at full-scale range, i.e., all digital inputs 


NOTE: All typical values have been characterized but are not tested. 
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at HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 

FEEDTHROUGH ERROR: Error caused by capacitive cou-.- 
pling from Vr_er to lout with all digital inputs LOW. 
OUTPUT CAPACITANCE: Capacitance from. loyt; and 
louT2 terminals to ground. - 

OUTPUT LEAKAGE CURRENT: Current which appears on 
louti terminal when all digital inputs are LOW or on-Iout2 
terminal when all digital inputs are HIGH. 

For further information on the use of this device, see the 
following Application Notes: 


A002 “Principles of Data Acquisition and Conversion” 

A018 ‘Do’s and Don’ts of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood 

A042 “Interpretation of Data Conversion Accuracy Speci- 


fications” 


HARRIS AD7533 
SEMICONOUCTOR s a « 
10-Bit Multiplying 
D/A Converter 
. GENERAL DESCRIPTION FEATURES 
~ The Harris. AD7533 is a low. cost, monolithic 10-bit, four- © 8, 9 and 10 Bit Linearity 
quadrant multiplying digital-to-analog converter (DAC). Har- @ Low Gain and Linearity Tempcos 


ris’ thin-film resistor on CMOS circuitry provide 10, 9 and 8 


~ : 
bit accuracy over full temperature range. The device also Full Temperature Range Operation 


provides +5V to + 15V supply voltage range, full input pro- © Full Input Static Protection 

tection from damage due to static discharge by clamps to @ TTL/CMOS Direct Interface 

Vt-and ground and very low power dissipation. @ +5 to +15 Volts Supply Range 
Applications for the AD7533 include programmable gain © Low Power Dissipation 


amplifiers, digitally controlled attenuators, function genera- 


é : : 
tors and control systems. Fast Settling Time 


© Four Quadrant Multiplication 
® Direct AD7520 Equivalent 


ORDERING INFORMATION | PACKAGE IDENTIFICATION 


AD7533 T D/N 
. : ' Temperature Range 
Nonlinearity 
+ 0.2% (8-bit) Package 
N — 18-Pin Plastic DIP 
+0.1% (9-bi 
a Nonlinearity and Temperature Range 


+0.05% (10-bit) AD7533LN J,K,L — Commercial 


0°C to + 70°C 


Basic Part Number 


VreriN 10K. 10KQ 10K) 6] RFEEDBACK 


20K!) 


‘BIT 1 (MSB 
SPDT 14 


NMOS 


» | SWITCHES © lout: (1) 


é 9 RFEEDBACK 
MS8 BIT2 (16) 
(4) (5) 


"TOP VIEW 


Figure 1: Functional Diagram | 0332-2 
Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 6-16 


AD7533 


AD7533 


Output Current Settling Time (Note 3) To 0.05% of FSR, Ry = 1000 


AD7533 


ABSOLUTE MAXIMUM RATINGS = (1,=25°C unless otherwise noted) 


ME. eb ish betinee tel gy ed atin hs oie idee Maat +17V Operating Temperature Range: 

VEER ate ied enc tare wh ot ease eenee wis + 25V JN, KN, LN Versions ...........-....0-5 0°C to + 70°C 
Digital Input Voltage Range ................. V+ to GND Storage Temperature Range ............ — 65°C to 150°C 
Output Voltage Compliance ............... —0.1Vto V+ Lead Temperature (Soldering, 10sec) ........... + 300°C 


Power Dissipation 
Plastic Package: 


UDG POPC oe. on Sed ad ine ek vite ba wee Stoo es 670mMW 
derates above 70°C by ..................2.. 8.3mW/°C 
CAUTION: 


1. The digital contro! inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 


2. Do not apply voltages lower than ground or higher than V+ to any pin except Vag and Rep. 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


(Vt = + 15V, VreF= + 10V, Vouti = VouT2 = OV unless otherwise specified.) 


ee Ta Ta oa ahd 


DC ACCURACY (Note 1) 


Nonlinearity (Note 2) +0.2 Max % of FSR 
—10V<Vper<s +10V +0.1 Max % of FSR 
VouT1 = Vout2= OV +0.05 Max % of FSR 

14 Max | _% of FSR 

AC ACCURACY 

Power Supply Rejection (Note 2) + 0.005 % of FSR/%AV+ 

800 


+0.05 +0.1 Max % FSR 


VrReF=20Vpp, 100KHz sine wave. 


Feedthrough Error (Note 3) Digital inputs low 


REFERENCE INPUT 


Temperature Coefficient te — 300 Typ ppm/°C 


ANALOG OUTPUT 


Both outputs. 
Voltage Compliance (Note 3) | See maximum ratings —100mV to Vt 


All digital inputs high pF 
p85 Max| pF 
F 

pF 


= 


All digital inputs low 


35 
: 


NOTE: All typical values have been characterized but are not tested. 
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AD7533 


ELECTRICAL CHARACTERISTICS 


(Vt = + 15V, Vaer= + 10V, Vouti = VouT2= 0 unless otherwise specified.) (Continued) - 


aie 


DIGITAL INPUTS 


Low State Threshold 


High State Threshold 


Cremettowarigh | Wary oe | 
as | er 
a ne ge ame 
POWER REQUIREMENTS | | 
[Mop | Rated Accuracy | +15 10% 
[Power SuppiVotaneRange || tT 
| + (Excluding Ladder Network) Be a eed ae 


pt 
eae ee 
_ Max | nA 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and + 10V for bipolar modes. : Specifications subject to 
2. Using internal feedback resistor, Reeeppack.- change without notice. 
3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 
5. Full scale (FS) = —(Vpe_r) @ (1023/1024) 


DETAILED DESCRIPTION 


The Harris AD7533 is a 10 bit, monolithic, multiplying D/A VaeriN 10K. 10K 10K) 10K) 
converter. A highly stable thin film R-2R resistor ladder net- 
work and NMOS SPDT switches form the basis of the con- 
verter circuit. CMOS level shifters permit low power TTL/ 
CMOS compatible operation. An external voltage or current 


reference and an operational amplifier are all that is re- © louT2 (2) 

quired for most voltage output applications. ~ © tours (1) 
A simplified equivalent circuit of the DAC is shown in Fig- 4 é 4 oh hoe o RreeoBack 

ure 3. The NMOS SPDT switches steer the ladder leg cur- 

rents between IOUT1 and |OUT2 busses which must be asanh 

held at ground potential. This configuration maintains a con- (Switches shown for Digital Inputs “High”) 

stant current in each ladder leg independent of the input Figure 3 

code. 


NOTE: All typical values have been characterized but are not tested. 
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AD7533 


AD7533 


DTL/TIL/CMOS 
INPUT 


AD7533 


TO LADDER 


lour2 sours 


Figure 4 


The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPDT switches driven by the level 
shifter, each switch is binarily weighted for an ‘“‘ON”’ resist- 
ance proportional to the respective ladder leg current. This 
assures a constant voltage drop across each switch, creat- 
ing equipotential terminations for the 2R ladder resistors re- 
sulting in accurate leg currents. 


APPLICATIONS 


UNIPOLAR OPERATION 
(2-QUADRANT MULTIPLICATION) 


UNIPOLAR 
DIGITAL 
INPUT 


0332-5 


NOTES: 1. R1 and R2 used only if gain adjustment is required. 
2. Schottky diode CR1 (HP5082-2811 or equiv) protects 
OUT1 terminal against negative transients. 


Figure 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


NOTE: All typical values have been characterized but are not tested. 
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Table 1. Unipolar Binary Code 


1000000001 


1000000000 


0111111111 


0000000001 


0000000000 


NOTES: 1. Nominal Full Scale for the circuit of Figure 5 is given by 
FS= —VREF (se) 
1024 
2. Nominal LSB magnitude for the circuit of Figure 5 is given by 


eB VAEF (. 


AD7533 


BIPOLAR OPERATION | 
(4-QUADRANT MULTIPLICATION) 


VREF 
+10V V+ 


BIPOLAR 
DIGITAL 
INPUT 


R4 5k R3_ 5k 


RS 10MQ 


NOTES: 1. R3/R4 match 0.05% or better. 
2. Ri and R2 used only if gain adjustment is required. 
3. Schottky diodes CR1 and CR2 (HP5082-2811 or equiv) protect OUT1 and OUT2 terminals against negative transients. 


Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 


APPLICATIONS 


Table 2. geet Binary) Unipolar Binary Operation 
sdsedcoata _ The circuit configuration for operating the AD7533 in uni- 
Digital Input Nominal Analog Output polar mode is shown in Figure 5. With positive and negative 
MSB' LSB (Vout as shown in Figure 4) Vref values the circuit is capable of 2-Quadrant multiplica- 
tion. The “Digital Input Code/Analog Output Value” table 
for unipolar mode is given in Table 1. 
1440991911 ZERO OFFSET ADJUSTMENT 
1. Connect all digital inputs to GND. 
2. Adjust the offset zero adjust trimpot of the output oper- 


1000000001 ational amplifier for OV £1 mV at Vout. 
GAIN ADJUSTMENT 
1000000000 1. Connect all digital inputs to V+. 


2. Monitor Voyt fora —Vrer(1 — 2-19) reading. 


OV1d44411 | 3. To decrease Voyt, connect a series resistor (0M to 
250) between the reference voltage and the VrRer 

: terminal. . | 

0000000001 4. To increase Vout, connect a series resistor (0M to 


2509) in the lout; amplifier feedback loop. 


0000000000 


NOTES: 1. Nominal Full Scale for the circuit of Figure 6 is given by 


1023 
ren REP ( 512 


2. Nominal LSB magnitude for the circuit of Figure 6 is given by 


1 
se (54) 


NOTE: All typical values have been characterized but are not tested. 


6-20 


AD7533 


AD7533 


Bipolar (Offset Binary) Operation 


The circuit configuration for operating the AD7533 in the 
bipolar mode is given in Figure 6. Using offset binary digital 
input codes and positive and negative reference voltage 
values, 4-Quadrant multiplication can be realized. The ‘‘Digi- 
tal Input Code/Analog Output Value” table for bipolar mode 
is given in Table 2. 


A “Logic 1” input at any digital input forces the corre- 
sponding ladder switch to steer the bit current to Ioyt 1 bus. 
A “Logic 0” input forces the bit current to Ioyte bus. For 
any code the loyti and loyte2 bus currents are comple- 
ments of one another. The current amplifier at Ioyto chang- 
es the polarity of loytea current and the transconductance 
amplifier at loyt; output sums the two currents. This config- 
uration doubles the output range. The difference current re- 
sulting at zero offset binary code, (MSB = “Logic 1”, All 
other bits = “Logic 0’), is corrected by using an external 
resistor, (10 MQ), from Vper to Ioyto. 


+10V 
BIPOLAR 
ANALOG INPUT 


eet 
a 


DIGITAL INPUT 


SIGN BIT 


Figure 7: 10-Bit and Sign Multiplying DAC 


OFFSET ADJUSTMENT 
1. Adjust Vpaer to approximately + 10V. 
2. Connect all digital inputs to “Logic 1”. 


3. Adjust loyt2 amplifier offset adjust trimpot for 
OV +1 mV at IouT2 amplifier output. 


CALIBRATE 


2 — 
WAVE 
10k 1% 


CONTROL WORD 


DIGITAL FREQUENCY 


1k 


AD7533 


4. Connect MSB (Bit 1) to “Logic 1” and all other bits to 
“Logic 0”. 
5. Adjust loyt1 amplifier offset adjust trimpot for 
OV +1 mVatVouT. 
GAIN ADJUSTMENT 
1. Connect all digital inputs to Vt. 
2. Monitor Voyt for a —Vpr_er(1 — 279) volts reading. 


3. To increase Voyt, connect a series resistor of up to 
250 between Voyt and Reeepseack: 


4. To decrease Voyrt, connect a series resistor of up to 
2502 between the reference voltage and the Vrer ter- 
minal. 


DEFINITION OF TERMS 


NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a “best straight line” through the ac- 
tual plot of transfer function. Normally expressed as a per- 
centage of full scale range or in (sub)multiples of 1 LSB. 


RESOLUTION: It is addressing the smallest distinct analog 
output change that a D/A converter can produce. It is com- 
monly expressed as the number of converter bits. A con- 
verter with resolution of n bits can resolve output changes 
of 2— of the full-scale range, e.g. 2—" Vrer for a unipolar 
conversion. Resolution by no means implies linearity. 
SETTLING TIME: Time required for the output of a DAC to 
settle to within specified error band around its final value 
(e.g., % LSB) for a given digital input change, i.e. all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an- 
alog output values at full-scale range, i.e. all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 

FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vrer to lout with all digital inputs LOW. 
OUTPUT CAPACITANCE: Capacitance from Ioguti and 
lout2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
lout terminal when all digital inputs are LOW or on Iout2 
terminal when all digital inputs are HIGH. 


LF 


SQUARE 


4.7k 


TRIANGULAR 
WAVE 


Figure 8: Programmable Function Generator 


NOTE: All typical values have been characterized but are not tested. 
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a HARRIS 


GENERAL DESCRIPTION 


The Harris AD7541 is a monolithic, low cost, high per- 
formance, 12-bit accurate, multiplying digital-to- -analog con- 
verter (DAC). 

Harris’ wafer level laser-trimmed thin-film resistors on 
CMOS circuitry provide true 12-bit linearity with TTL/CMOS 
compatible operation. 

Special tabbed-resistor geometries (improving time stabil- 
ity), full input protection from damage due to static dis- 
charge by diode clamps to V+ and ground, large Iloyt and 
louT2 bus lines (improving superposition errors) are some 
of the features offered by Harris AD7541. 

Pin compatible with AD7521, this new DAC provides ac- 
curate four quadrant multiplication over the full may tem- 
perature range. 


ORDERING INFORMATION 


Part Number/Temperature | Part Number/Temperature Range _| 


0°C to — 25°C to — 55°C to 
+ 70°C + 85°C + 125°C 


AD7541JN | AD7541AD | AD7541SD 


Nonlinearity 


0.02% 
(11-bit) 


0.01% 
(12-bit) 
0.01% 
(12-bit) 
Guaranteed 
Monotonic 


Vrer IN 


Olourt2 (2) 
Olout: (1) 
RFEEDBACK 


ae mma: ~ (18) 
(5) : 


0333-1 
Figure 1: Functional Diagram 
(Switches shown for Digital Inputs ’High’) | 


AD7541KN | AD7541BD | AD7541TD 


2 as 


AD7541 
12-Bit Multiplying 
D/A Converter 


FEATURES 

® 12 Bit Linearity (0.01%) 

¢ Pretrimmed Gain 

©@ Low Gain and Linearity Tempcos 

© Full Temperature Range Operation 
© Full Input Static Protection 

© DTL/TTL/CMOS Compatible 

© +5 to + 15 Volts Supply Range 

® Low Power Dissipation (20mW) 

© Current Settling Time: 1:s to 0.01% of FSR 
© Four Quadrant Multiplication 

© 883B Processed Versions Available 


TOP VIEW 


118] Rreeoeack 


Figure 2: Pin Configuration 
(Outline dwgs DN, PN) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


300150-004 


AD7541 


AD7541 


AD7541 


ABSOLUTE MAXIMUM RATINGS §(T,=25°C unless otherwise noted) 


Vt sant ore deer tga einem Sade aGealeaumie eine +17V “Operating Temperature Range: 
VEER ace e orescence See ew eee aaa +25V JN, KN, LN Versions .................-. 0°C to + 70°C 
_ Digital Input Voltage Range ................. GND to Vt AD, BD Versions ................44. — 25°C to + 85°C 

Output Voltage Compliance ............. —100mV to Vt SD, TD Versions ..............000. — 55°C to + 125°C 

Power Dissipation (package): Storage Temperature ................ — 65°C to + 150°C 
UD NOPD Cb keen oc ca sded dea seeedaec 450mW Lead Temperature (Soldering, 10sec) ............. 300°C 
derate above + 75°C by .............. 00 ee eee 6mW/°C 

CAUTION 


1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 


2. Do not apply voltages higher than Vpp or less than GND potential on any terminal except Vagr and Reeepsack. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings"’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, Veer = + 10V, Vout1 = VouT2 = OV, Ta = 25°C unless otherwise specified) 


eax TA TA _ 


DC ACCURACY (Note 1) 


Resolution te ft in | its 
Nonlinearity (Note 2) % of FSR 
~40V<Vper<+10V a | %of FSR 


Vouti1=Vout2= OV | +0.012 % Of FSR 
Guaranteed 
Monotonic 


Gain Error (Note 2) —10V<Vprers + 10V Max eal % of FSR 
Output Leakage Current (ether output) | Vouri=Voure=0 | +50 | +200 | Max] nA 


‘| AC ACCURACY (Note 3) 


| Power Supply Rejection (Note 2) Vt =14.5 to 15.5V + 0.005 Max | 4 | % of FSR/%/% AVt 


To 0.01% of FSR 1 Max ea pS 


Feedthrough Error Vaer=20V pp, 10kHz. 1 Max | 7. mV pp 
. All digital inputs low. . 


REFERENCE INPUT 


Input Resistance All digital inputs high. 
louti at ground. 
ANALOG OUTPUT 


Both outputs. 

Voltage Compliance (Note 4) See maximum ratings. 
Output Capacitance (Note 3) } Coyti | All digital inputs high 200 

CouT2 60 

Couti | All digital inputs low 60 

CouT2 200 
Output Noise (both outputs) Equivalent to 10K. 

Johnson noise 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 


(Vt = + 15V, Veer = + 10V, Vout = VouT2= OV, Ta = 25°C unless otherwise specified) (Continued) 


oe TA TA ae 


DIGITALINPUTS | 


Low State Threshold (Vin) PB Max 
High State Threshold (Vinp) | Min 
input Current vin=oorve | tt Mex | 


Input Coding See Tables 1&2 - Binary/Offset Binary la 
Input Capacitance (Note 3) ee ee ee 


POWER REQUIREMENTS 


Accuracy is not guaranteed 
Power Supply Voltage Range over this range +5 to +16 


|+ (Excluding Ladder Network) All digital inputs High or Low : 
Total Power Dissipation (Including the ladder) - i i See Typ 


NOTES: 1. Full scale range (FSR) is 10V for unipolar and + 10V for bipolar modes. Specifications subject to 
2. Using internal feedback resistor, RFEEDBACK- change without notice. 
3. Guaranteed by design; not subject to test. | . 
4. Accuracy not guaranteed unless outputs at ground potential. 


N 
oO 


UNGROUNDED 
SINE WAVE 
GENERATION 


FYRFEEDBACK 40 Hz 2V p=-p 


SK 0.01% 
5K 0.01% 


HA2600 


lout2 


, LINEARITY 
ERROR 
x 100 
0333-4 
Figure 4: Power Supply Rejection. 


Test Circuit 


0333-3 


Figure 3: Nonlinearity Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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AD7541 


+11V (ADJUST FOR Vour = OV) 


0333-6 
Figure 6: Output Capacitance Test Circuit 


Vrer = 20V p-p 10kHz SINE WAVE 


0333-7 
Figure 7: Feedthrough Error Test Circuit 


31: 5% SETTLING 


EXTRAPOLATE ot: 0.01% SETTLING 


OSCILLOSCOPE 


Figure 8: Output Current Settling Time 
Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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DEFINITION OF TERMS 


NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a multi- 
plying DAC, this should hold true over the entire Vaer 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2—%) (Vref). A 
bipolar converter of n bits has a resolution of [2-(n-1)] 
[Vrer]. Resolution in no way implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within % LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC’s operational amplifier output volt- 
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vpr_er to output with all switches. OFF. 


OUTPUT CAPACITANCE: Capacity from Iout+ and Ioyte 
terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
lout1 terminal with all digital inputs LOW or on Iout2 termi- 
nal when all inputs are HIGH. 


DETAILED DESCRIPTION 


The Harris AD7541 is a 12 bit, monolithic, multiplying D/A 
converter. Highly stable thin film R-2R resistor ladder net- 
work and NMOS SPDT switches form the basis of the con- 
verter circuit. CMOS level shifters provide low power DTL/. 
TTL/CMOS compatible operation. An external voltage or 
current reference and an operational amplifier are all that is 
required for most voltage output applications. 


Vrer IN 10KN 16KN 


‘og RFEEDBACK 
(18) 


0333-9 
(Switches shown for Digital Inputs “High’’) 
Figure 9: AD7541 Functional Diagram | 


DIL/TIL/CMOS 
INPUT 


AD7541 


TO LADDER 


lour2 sours 


Figure 10: CMOS Switch 


A simplified equivalent circuit of the DAC is shown in Fig- 
ure 9. The NMOS SPDT switches steer the ladder leg cur- 
rents between IOUT1 and IOUT2 buses which must be held 
at ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 
Converter errors are further eliminated by using wider metal 
interconnections between the major bits and the outputs. 
Use of high threshold switches reduces the offset (leakage) 
errors to a negligible level. . 


Each circuit is laser-trimmed, at the wafer level, to better 
than 12 bits linearity. For the first four bits of the ladder, 
special trim-tabbed geometries are used to keep the body 
of the resistors, carrying the majority of the output current, 
undisturbed. The resultant time stability of the trimmed cir- 
cuits is comparable to that of untrimmed units. 


The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first (Figure 10). This configuration results in DTL/TTL/ 
CMOS compatible operation over the full military tempera- 
ture range. With the ladder SPDT switches driven by the 
level shifter, each switch is binarily weighted for an “ON” 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis- 
tors, resulting in accurate leg currents. 


APPLICATIONS 


General Recommendations 


Static performance of the AD7541 depends on Ioyt i and 
lout2 (pin 1 and pin 2) potentials being exactly equal to 
GND (pin 3). . 

The output amplifier should be selected to have a low 
input bias current (typically less than 75nA), and a low drift 
(depending on the temperature range). The voltage offset of 
the amplifier should be nulled (typically less than + 200pV). 

The bias current compensation resistor in the amplifier’s 
non-inverting input can cause a variable offset. Non-invert- 
ing input should be connected to GND with a low resistance 
wire. 


NOTE: All typical values have been characterized but are not tested. 
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Ground-loops must be avoided by taking all pins going to 
GND to a common point, using separate connections. 


The V+ (pin 18) power supply should have a low noise 
level and should not have any transients exceeding +17 
volts. 


Unused digital inputs must be connected to GND or Vpp 
for proper operation. 


A high value resistor (~ 1M) can be used to prevent 
static charge accumulation, when the inputs are open-cir- 
cuited for any reason. 


When gain adjustment is required, low tempco (approxi- 
mately 50ppm/°C) resistors or trim-pots should be selected. 


UNIPOLAR BINARY OPERATION 


The circuit configuration for operating the AD7541 in uni- 
polar mode is shown in Figure 11. With positive and nega- 
tive VREF values the circuit is capable of 2-Quadrant multi- 
plication. The “Digital Input Code/Analog Output Value’”’ ta- 
ble for unipolar mode is given in Table 1. A Schottky diode 
(HP5082-2811 or equivalent) prevents Ioyt1 from negative 
excursions which could damage the device. This precaution 
is only necessary with certain high speed amplifiers. 


DIGITAL 


INPUT 


0333-11 
Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 


AD7541 


AD7541 


Zero Offset Adjustment 
1. Connect all digital inputs to GND. 


2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV +0.5mV (max) at 
VOUT. 


Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a —VREF (1—1/212) reading. 


3. To increase VOUT, connect a series resistor, (0 to 
250 ohms), in the IOUT1 amplifier feedback loop. 


4. To decrease VOUT, connect a series resistor, (0 to 
250 ohms), between the reference voltage and the 
VREF terminal. 


Table 1: Code Table — Unipolar Binary 
Operation 


—Vrer (1/212) 


VREF 


BIT 1 (MSB) 
e@ 


DIGITAL 
INPUT 


AD7541 


BIT 12 (LSB) 


0333-12 
Note: R1 and R2 should be 0.01%, low-TCR resistors. 


Figure 12: Bipolar Operation 
(4-Quadrant Multiplication) 


BIPOLAR (OFFSET BINARY) OPERATION 


The circuit configuration for operating the AD7541 in the 
bipolar mode is given in Figure 12. Using offset binary digital 
input codes and positive and negative reference voltage 
values Four-Quadrant multiplication can be realized. The 
“Digital Input Code/Analog Output Value” table for bipolar 
mode is given in Table 2. 


N 
NOTE: All typical values have been characterized but are not tested. 
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A “Logic 1” input at any digital input forces the corre- 
sponding ladder switch to steer the bit current to IOUT1 
bus. A “Logic 0” input forces the bit current to |OUT2 bus. 
For any code the IOUT1 and IOUT2 bus currents are com- 
plements of one another. The current amplifier at IOUT2 
changes the polarity of IOUT2 current and the transcon- 
ductance amplifier at |OUT1 output sums the two currents. 
This configuration doubles the output range of the DAC. 
The difference current resulting at zero offset binary code, 
(MSB= “Logic 1”’, All other bits = ‘‘Logic 0”), is corrected by 
using an external resistive divider, from VREF to IOUT2. 
Offset Adjustment 

1. Adjust Vaer to approximately + 10V. 

2. Set R4 to zero. 

3. Connect all digital inputs to ‘Logic 1”. 

4. Adjust loyt; amplifier offset zero adjust trimpot for 
OV +0.1mV at Ioute amplifier output. 

5. Connect a short circuit across R2. 

6. Connect all digital inputs to “Logic 0”. 

7. Adjust loyt2 amplifier offset zero adjust trimpot for 
OV +0.1mvV at lout; amplifier output. 

8. Remove short circuit across R2. 

9. Connect MSB (Bit 1) to “Logic 1” and all other bits 
to “Logic 0”. 

10. Adjust R4 for OV +0.2mV at Vour. 
Gain Adjustment 

1. Connect all digital inputs to VDD. 

2. Monitor VOUT for a —VREF (1—1/211) volts read- 
ing. 

3. To increase VOUT, connect a series resistor, (0 to 
250 ohms), in the IOUT1 amplifier feedback loop. 


4. To decrease VOUT, connect a series resistor, (0 to 
250 ohms), between the reference voltage and the 
VREF terminal. 


Table 2: Code Table 
Bipolar (Offset Binary) Operation 


100000000001 
ooeeoc00000 | 0 


011111111111 


DIGITAL INPUT 


Vrer (1/211) 
Vrer (1 — 1/211) 


DYNAMIC PERFORMANCE 


The dynamic performance of the DAC, also depends on 
the output amplifier selection. For low speed or static appli- 
cations, AC specifications of the amplifier are not very crit- 
ical. For high-speed applications slew-rate, settling-time, 
openloop gain and gain/phase-margin specifications of the 
amplifier should be selected for the desired performance. 


The output impedance of the AD7541 looking into loyti 
varies between 10k. (Reeedpack alone) and 5K 
(RFeedback in parallel with the ladder resistance). 


17 


5 
se 


BIT 12 (LSB) Q 


AD7541 


Similarly the output capacitance varies between the mini- 
mum and the maximum values depending on the input 
code. These variations necessitate the use of compensa- 
tion capacitors, when high speed amplifiers are used. 


A capacitor in parallel with the feedback resistor (as 
shown in Figure 13) provides the necessary phase compen- 
sation to critically damp the output. 


A small capacitor connected to the compensation pin of 
the amplifier may be required for unstable situations causing 
oscillations. Careful PC board yout, minimizing nee 
capacitances, is also vital. 


16 IR 
BIT 1 (MSB) O 4 Pp lidataacasy 


Figure 13: General DAC Circuit with Compensation Capacitor, Cc 


NOTE: All typical values have been characterized but are not tested. 


AD7541 


AD7545 


rw) 


om RIS 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The AD7545 is a low cost monolithic 12-bit CMOS multiply- 
ing DAC with on-board data latches. Data is loaded in a 
single 12-bit wide word which allows interfacing directly to 
most 12- and 16-bit bus systems. Loading of the input latch- 
es is under the control of the CS and WR inputs. A logic low 
on these control inputs makes the input latches transparent 
allowing direct unbuffered operation of the DAC. 


FEATURES 

® 12-Bit Resolution 

® Low Gain T.C.: 2ppm/°C typ 

® Fast TTL Compatible Data Latches 
® Single +5V to +15V Supply 

© Low Power 

© Low Cost 


® 12=BIT 
MULTIPLYING DAC 
) > ° INPUT DATA LATCHES 


LL. —7> 


0B11-DBO 
(PINS 4-15) 


Figure 1: Functional Diagram 


AD7545 
12-Bit Buffered Multiplying 
CMOS DAC 


ORDERING INFORMATION 


Part 
Number 


Temperature 
Range Package 


0°C to +70°C 20 Pin Plastic DIP 
0°C to +70°C 20 Pin Plastic DIP 


-40°C to +859C =| 20 Pin Plastic DIP 
-40°C to+85°C | 20 Pin Plastic DIP 
AD7545AD -40°9C to+85°9C | 20 Pin Ceramic DIP 
AD7545BD -40°C to +859C =| 20 Pin Ceramic DIP 


AD7545SD -55°C to +1259°C 
AD7545SQ/883 | -55°C to +125°C 


AD7545JN 
AD7545KN 


AD7545AN 
AD7545BN 


DB11(MSB) Cy 4 


AD7545 
TOP VIEW 
(Not to Scale) 


Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


300152-001 
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ABSOLUTE MAXIMUM RATINGS 


(Ta =. + 25°C unless otherwise noted) 


Von lO DGND shades oeeceetwtaaweonke —0.3V, +17V 
Digital Input Voltage to . 
PGND taste date tas cow ote ete —0.3V, Vpp + 0.3V 
VerarVeer tO DGND: oc as) enssaesusiatiweea seeds + 25V 
Vong tO DGND ities id sori era een —0.3V, Vpp + 0.3V 
AGND to DGND..................... —0.3V, Vpp +0.3V 


Power Dissipation 
(Any Package) to + 75°C 
Derates above 75°C by ............ 0... eee eee 6 mW/°C 


CHIP 
SELECT 


_ WRITE 


DATA IN 
(DBO-DB11) 


CHIP 
SELECT 


WRITE 
DATA IN 
(DB0=DB11) 


0433-3 
B: Preferred Write Cycle 


AD7545 


Operating Temperature 


Commercial 
(Hl «WC ¢: To (i> en 0°C to + 70°C 
Industrial 
(A; -BYGradeS 4.) 40ses cis heaee ss — 40°C to + 85°C 
Extended 
(S) GAGS” ieee v Rae at She tatwes — 55°C to + 125°C 
Storage Temperature ................. —65°C to + 150°C 
Lead Temperature (Soldering, 10 secs)........... + 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device refiability. 


MODE SELECTION 
WRITE MODE: HOLD MODE: 


CS and WR low, DAC responds 
to data bus (DBO-—DB11) inputs. 


Either CS or WR high, data bus 
(DBO-—DB11) is locked out; DAC 
holds last data present when 
WR or CS assumed high state. 


NOTES: 

Vop = +5V; tp = te = 20 ns 
Vop = +15V; tp = te = 40 ns 
All input signal rise and fall times measured from 10% to 90% of Vpp. 


Timing measurement reference level is (Vi + Vi_)/2. 


Since input data latches are transparent for CS and WR both low, it is 
preferred to have data valid before CS and WR both go low. This pre- 
vents undesirable changes at the analog output while the data inputs 
settle. 


Figure 3: Write Cycle Timing Diagram 


CIRCUIT INFORMATION—D/A 
CONVERTER SECTION 


Figure 4 shows a simplified circuit of the D/A converter sec- 
tion of the AD7545. Note that the ladder termination resistor 
is connected to AGND. R is typically 11 kQ. 


i] 
DB10 


DB11 
(MsB) 


(LSB) 


0433-5 
Figure 4: Simplified D/A Circuit of AD7545 


NOTE: All typical values have been characterized but are not tested. 
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The binary weighted currents are switched between the 
OUT1 bus line and AGND by N-channel switches, thus 
maintaining a constant current in each ladder leg indepen- 
dent of the switch state. One of the current switches is 
shown in Figure 5. 


The capacitance at the OUT1 bus line, Courti, is code de- 
pendent and varies from 70 pF (all switches to AGND) to 
200 pF (all switches to OUT1). 


The input resistance at Vrer (Figure 4) is always equal to 
Ripr (Rupr is the R/2R ladder characteristic resistance 
and is equal to the value ‘‘R’’). Since Rjy at the Vrer pin ts 
constant, the reference terminal can be driven by a refer- 
ence voltage or a reference current, ac or dc, of positive or 
negative polarity. (If a current source is used, a low temper- 
ature coefficient external Reg is recommended to define 
scale factor.) 


AD7545 


AD7545 


TO LADDER 


FROM 


INTERFACE 
LOGIC o 


AGND OUT1 
0433~6 


Figure 5: N-Channel Current Steering Switch 


CIRCUIT INFORMATION— 
DIGITAL SECTION 


Figure 6 shows. the digital structure for one bit. 


DIGITAL 
INPUT 
DBX 


TO AGND SWITCH 


TO OUT 1 SWITCH 


INPUTS BUFFERS 


CONTROL CONTROL 


Figure 6: Digital Input Structure 


The digital signals CONTROL and CONTROL are generat- 
ed from CS and WR. 


The input buffers are simple CMOS inverters designed such . 


that when the AD7545 is operated with Vpp = 5V, the buff- 


ers convert TTL input levels (2.4V and 0.8V) into CMOS... 


logic levels. When Vjy is in the region of 2.0V to 3.5V the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents it 
is recommended that the digital input voltages be as close 
to the supply rails (Vpp and DGND) as is practically possi- 
ble. 


The AD7545 may be operated with any supply voltage in 
the range 5V < Vpp < 15V. With Vpp = + 15V the input 
logic levels are CMOS compatible only, i.e., 1.5V and 13.5V. 


APPLICATION 


Output Offset: CMOS current-steering D/A converters ex- 
hibit a code dependent output resistance which in turn 


NOTE: All typical values have been characterized but are not tested. 
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causes a code dependent amplifier noise gain. The effect is 
a code dependent differential nonlinearity term at the ampl- 
fier output which depends on Vos where Vos is the amplifi- 
er input offset voltage. To maintain monotonic operation it is 
recommended that Vos be no greater than (25 x 10-6) 
(Vref) over the temperature range of operation. 


General Ground Management: AC or transient voltages 
between AGND and DGND can cause noise injection into 
the analog output. The simplest method of ensuring that 
voltages at AGND and DGND are equal is to tie AGND and 
DGND together at the AD7545. In more complex systems 
where the AGND and DGND connection is on the back- 
plane, it is recommended that two diodes be connected in 
inverse parallel between the AD7545 AGND and DGND— 
pins (1N914 or equivalent). 


Digital Glitches: When WR and CS are both low the latch- 
es are transparent and the D/A:converter inputs_follow the 
data inputs. In some bus systems; data on: the: data bus is 
not always valid for the whole period during which WR is 
low and as a result invalid data can briefly-occur at the D/A 
converter inputs during a write cycle. Such invalid data can 
cause unwanted glitches at the output of the D/A converter. 
The solution to this problem, if it occurs, is to retime the 
write pulse (WR) so that it only occurs when data is valid. 


Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUT1 and AGND terminals. This 
should be minimized by isolating the analog pins of the 
AD7545 (Pins 1, 2, 19, 20) from the digital pins by a ground 
track run between pins 2 and 3 and between pins 18 and 19 
of the AD7545. Note how the analog pins are at one end of 
the package and separated from the digital pins by Vpp and .. 
DGND to aid isolation at the board level. On-chip capacitive 
coupling can also give rise to crosstalk from the digital to 
analog sections of the AD7545, particularly in circuits with 
high currents and fast rise and fail times. This type of cross- 
talk is minimized by using Vpp = +5V. However, great 
care should be taken to ensure that the + 5V used to power 
the AD7545 is free from digitally induced noise. 


Temperature Coefficients: The gain temperature coeffi- 
cient of the AD7545 has a maximum value of 5 ppm/°C and 
a typical value of 2 ppm/°C. This corresponds to worst case 
gain shifts of 2 LSBs and 0.8 LSBs respectively over a 
100°C temperature range. When trim resistors R1 and R2 
are used to adjust full scale range, the temperature coeffi- 
cient of R1 and R2 should also be taken into account. 
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ELECTRICAL CHARACTERISTICS VaeF = +10V, Vout1 = OV, AGND = DGND unless otherwise specified 


STATIC PERFORMANCE 


Vpp = +5V Vop = + 15V 
ie a Test Conditions Limits Limits 
Comments . Ta = +25°C Tminy Tmax Ta = +25°C Tmins Tmax 
| ‘ (Note 1) A ) (Note 1) 


Bessie fe Bits 
Relative Accuracy : fs S) + o LSB max 
LSB max 
Differential Nonlinearity 10-Bit Monotonic Tin to Tmax : ‘s S) LSB max 
12-Bit Monotonic Tmin to Tmax LSB max 
Gain Error (Using Internal RFB) DAC Register Loaded with J,A,S LSB max 
(Note 2) 11411111 1111 K,B LSB max 
Gain Error is Adjustable Using 
the Circuits of Figures 7 and 8 
Gain Temperature Coefficient Typical Value is 2 ppm/°C All 
(Note 3) for Vpp = +5V 
AGain/ATemperature 
DC Supply Rejection AVpp = +5% 
AGain/AVpp 
Output Leakage Current DBO-DB11 = 


at OUT1 
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ELECTRICAL CHARACTERISTICS  Vper = +10V, Voyt1 = OV, AGND = DGND unless otherwise specified (Continued) 


Vpp = +5V Vpp = + 15V 
Test Conditions , Limits Limits 
Parameter Version 
Comments Ta = +25°C Tmins Tmax Ta = +25°C Tmin» Tmax 
- (Note 1) - (Note 1) 
DYNAMIC PERFORMANCE 
Current Settling Time (Note 3) To 1% LSB. OUT1 load = 100. DAC All 
output measured from falling edge of 2 2 2 2 pws max 
WR. CS = OV. 
Propagation Delay (Note 3) OUT1 LOAD = 1000 All 
(from Digital Input Change to Cext = 13 pF (Note 4) 300 250 ns max 
90% of final Analog Output 
Digital to Analog Glitch Impulse | Vaer = AGND nV see typ 
AC Feedthrough (Note 5) Vref = +10V, 10 kHz Sinewave All 
Vp-pt 
At OUT1 : : ‘ : ae ha 
REFERENCE INPUT 


Input Resistance Input Resistance 
(Pin 19 to GND) TC = —300 ppm/°C typ 
Typical Input Resistance = 11 kO 


ANALOG OUTPUTS 


Output Capacitance (Note 3) 
Court DBO-DB11 = 0V,WR 
CouTi DBO-DB11 = Vpp, 


DIGITAL INPUTS 


ala A al 
ViH 
El MARINO 
VIL 
IN : 


Input Capacitance (Note 3) 
DBO-DB11 All 
WR, CS All 


GrpSZaVv 
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ELECTRICAL CHARACTERISTICS  Vper = +10V, Vout; = 0V, AGND = DGND unless otherwise specified (Continued) 


| Vpp = +5V Vpp = + 15V 
Parameter Test Conditions/Comments Version pnts Sis Limits ae 
Ta = +25°C mins "max Ta = +25° min» * max 
= . (Note 1) isk: ¥ (Note 1) 


SWITCHING CHARACTERISTICS (Note 3) 
280 380 180 200 ns min 
200 270 120 150 ns typ 
250 ~— 400 


tcs | 
be aeidwiadal Salca  Sc CE = 
tCH 
Mia's a 
160 240 ns min 
175 280 100 170 ns typ 


twR See Figure 3 


tps 
toH | 


POWER SUPPLY 


Write Pulse Width tcs = twr; tcH = 0 
140 210 90 120 ~ nsmin 


- 400 150 60 8 ns typ 


0 


All Digital Inputs Vj. or Viy 


All Digital Inputs OV or Vpp 
All Digital Inputs OV or Vop 


NOTE 1: Temperature Ranges as follows: J, K versions: 0°C to + 70°C 
A, B versions: — 20°C to + 85°C 
S version: — 55°C to + 125°C 
: This includes the effect of 5 ppm max gain TC. 
: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
: DBO-DB11 = OV to Vop or Vpp to OV. 
: Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 


a & W ND 


6: Logic inputs are MOS gates. Typical input current (+ 25°C) is less than 1 nA. 


Specifications subject to change without notice. 
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BASIC APPLICATIONS 


Figures 7 and 8 show simple unipolar and bipolar circuits 
using the AD7545. Resistor R1 is used to trim for full scale. 
Capacitor C1 provides phase compensation and helps pre- 
vent overshoot and ringing when using high speed op amps. 
Note that the circuits of Figures 7 and 8 have constant input 
impedance at the Vref terminal. 


The circuit of Figure 7 can either be used as a fixed refer- 
ence D/A converter so that it provides an analog output 
voltage in the range 0 to —Vjpj (note the inversion intro- 
duced by the op amp) or Vij can be an ac signal in which 
case the circuit behaves as an attenuator (2-Quadrant Multi- 
plier). Vin, can be any voltage in the range —20 < Vin < 
+20V (provided the op amp can handle such voltages) 
since VreF is permitted to exceed Vpp. Table 2 shows the 
code relationship for the circuit of Figure 7. 


DB11-DBO 


(PINS 4-15) 


*Refer to Table 1. 
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Table 1: Recommended Trim Resistor Values 
vs. Grades for Vpp = +5V 


TRIM 


R1 5002 2000 
R2 1502 68, 


Table 2. Unipolar Binary Code Table 
for Circuit of Figure 7 


Binary Number in 
DAC Register Analog Output 


ANALOG 
COMMON 


Figure 7: Unipolar Binary Operation 


NOTE: All typical values have been characterized but are not tested. 
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Figure 8 and Table 3 illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function 
itself uses offset binary code and inverter U; on the MSB 
line converts 2’s complement input code to offset binary 
code. If appropriate, inversion of the MSB may be done in 
software using an exclusive -OR instruction and the inverter 
omitted. R3, R4 and R5 must be selected to match within 
0.01% and they should be the same type of resistor (prefer- 
ably wire-wound or metal foil), so that their temperature co- 
efficients match. Mismatch of R3 value to R4 causes both 
offset and full scale error. Mismatch of R5 to R4 and R3 
causes full scale error. 


Uy 
(SEE. TEXT) 


DATA INPUT . 


*For Values of R1 and R2 
See Table 1. 


The choice of the operational amplifiers in Figures 7 and 8 
depends on the application and the trade off between re- 
quired precision and speed. Below is a list of operational 
amplifiers which are good candidates for many applications. 
The main selection criteria for these operational amplifiers 
is to have low Vos, low Vos drift, low bias current and low 
settling time. . 


NOTE: All typical values have been characterized but are not tested. 
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Table 3: 2’s Complement Code Table 
for Circuit of Figure 8 


Data Input Analog Output 


0111 1114 1114 


0000 0000 0001 
0000 0000 0000 
1114 41411 4141. 


1000 0000 0000 


ANALOG 
COMMON 


Figure 8: Bipolar Operation (2’s Complement Code) | 


These amplifiers need to maintain the low nonlinearity and 
monotonic operation of the D/A while providing enough 
speed for maximum converter performance. 


Operational Amplifiers: 

HA5127 ~=£Ultra Low Noise, Precision 

HA5137 ~—Ultra Low Noise, Precision, Wide Band 
HA5147 ~Ultra Low Noise, Precision, High Slew Rate 
HA5170_~—~ Precision, JFET Input 


AD7545 


mm) 
iy 


HARRIS CA3338, CA3338A 
rir CMO 


RP. ideo-Speed 8-Bit R-2R 
& 


igital-to-Analog Converter 
"FEATURES 


ras 


GENERAL DESCRIPTION ee 
The Harris CA3338 family are CMOS/SOS hi hsspéed R- ® CMOS/SOS Low Power 
2R voltage output digital-to-analog converters: They oper- ¢ R-2R Output, Segmented for Low “Glitch” 


ate from a single 5V supply at video speeds, and can pro- 


duce “rail-to-rail” output swings. Internal level shifters and a SOMOS OF kh compatible pute 


pin for an optional second supply provide for an output ° Fast Settling: 20 ns (typ.) to 74 LSB 

range below the digital ground. The data complement con- ® Feedthrough Latch for Clocked or 

trol allows the inversion of input data while the latch enable Unclocked Use 

control provides either feed-through or latched operation. ® Single or Dual Supplies, 4.5V to 7.5V Total 


Both ends of the R-2R ladder network are available exter- 


1 
nally and may be modulated for gain or offset adjustments. ° ’2 LSB Accuracy (Typ.) 


In addition, “glitch” energy has been kept very low by seg- ° Data Complement Control 
menting and ‘“‘bar graph” decoding of the upper 3 bits. © High Update Rate: 50 MHz (Typ.) 
The CA3338 is manufactured on a sapphire substrate to ® Unipolar or Bipolar Operation 

give low dynamic power dissipation, low output capacitance, 
and inherent latch-up resistance. APPLICATIONS 


© TV/Video Display 

® High-Speed Oscilloscope Display 
® Digital Waveform Generator 

© Feed-Forward A/D Systems 


ORDERING INFORMATION 
ae es 
Number (INL, DNL) | Range Package 
CA3338AE +0.75 LSB -409C to +859C 16 Pin Plastic DIP 
CA3338AD +0.75 LSB ~§55°C to +1259C 16 Pin Ceramic DIP 
CA3338AM +0.75 LSB -409C to +85°9C 


16 Pin Plastic SOIC 
16 LEAD CERAMIC DIP 
16 LEAD PLASTIC DIP 
16 LEAD SOIC 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 1850-001 


NOTE: All typical values have been characterized but are not tested. 6-37 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply-Voltage Range | 

(Vpp — Vss Or Vpp — Vee; 

whichever is greater) .................4. —0.5V to + 8V 
Input Voltage Range 

Digital Inputs (LE, COMP, 


DOM 7 eed iris gets Panera hats: Vss — 0.5V to Vpp +0.5V 

Analog Pins 

(Veaert, VaeF~; VouT).-.----- Vpp — 8V to Vpp + 0.5V 
DC Input Current 

Digital Inputs (LE, COMP, DO-D7)............. +20 mA 
Power Dissipation per Package (Pp): _ 

For TAs 85°C 10 +5S°C.s icy conse Geena ee 315 mW 


For Ta = +55°C to +125°C 
De en ete eet een ee Derate Linearly at 3.3 mW/°C 


> 


LEVEL 
SHIFTERS 


CA3338, CA3338A 


Operating-Temperature Range (Ta): 


Ceramic Package—D Suffix.......... — 55°C to + 125°C 

Plastic Package—E Suffix ............ —40°C to + 85°C 
Storage-Temperature 

Range (sta) ciccssw este ndinnieeoks — 65°C to + 150°C 


Lead Temperature (During Soldering): . 
At Distance 4g + Yo in. (1.59 + 0.79 mm) from 
Case 10F 10S: Max's Meese tcdin aw Vibe ee neared + 265°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Recommended Supply Voltage Range........ 4.5V to 7.5V 


THROUGH 
LATCHS 


aD 


nN 
P »] 


R= 6000 


Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vpp = 5V, Vaert = 4.608V, Vss = Veg = Vrer~ 


LE clocked at 20 MHz, Ri = 1 Mf (unless otherwise specified) 


Accuracy 

Resolution 

Integral Linearity Error 
CA3338 
CA3338A 

Differential Linearity Error 
CA3338 
CA3338A 

Gain Error 
CA3338 
CA3338A 

Offset Error 


Digital Input Timing 
Update Rate 
Update Rate 
Set Up Time Tsu 
Set Up Time Tsye2 
Hold Time Ty 
Latch Pulse Width Tw 
Latch Pulse Width Tw 


Output Parameters 
Output Delay Tp; 
Output Delay Tp2 
Rise Time Tp 
Settling Time Ts 
Output Impedance 
Glitch Area 
Glitch Area 


Reference Voltage 
Vref? Range 
Vrer~ Range 
Vaert Input Current 


Supply Voltage 
Static Ipp or ler 


Dynamic Ipp or lee 
Dynamic Ipp or leg 
Vop Rejection 
Vee Rejection 


Digital Inputs 
High Level Input Voltage 
Low Level Input Voltage 
Leakage Current 
Capacitance 


Temperature Coefficients 
Output Impedance 


See Figure 6 
See Figure 6 
Input Code = FF; See Fig. 5 


Input Code = 0046; See Fig. 5 


To Maintain 1% LSB Settling 
VREF_ 
For Low Glitch 
For Data Store 
For Data Store 
For Data Store 
VreF = Vee = —2.5V, Vrert 


R,_ Adjusted for 1 Vp.» Output 
From LE Edge 

From Data Changing 

10 to 90% of Output 

10% to Settling to 4 LSB 
VREF+ = 6V, Vpp = 6V 


VREF_ 


(+) Full Scale (Note 1) 
(—) Full Scale (Note 1) 
VREF+ = 8V, Vop = 6V 


LE = Low, Do-D7 = High - 
LE = Low, Do-D7 = Low 


= Vee = —2.5V, Vacrt 


= Vee = —2.5V, Vacret = 


VouT = 10 MHz, OV to 5V Sq. Wave 
Vout = 10 MHz, +2.5V Sq. Wave 


50 kHz Sine Wave Applied 
50 kHz Sine Wave Applied 


DO-D7, LE, COMP 
(Note 1) 
(Note 1) 


NOTE 1: Parameter not tested, but guaranteed by design or characterization. 


NOTE: All typical values have been characterized but are not tested. 
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+2.5V 


= +2.5V 


+ 2.5V 


CA3338, 


OO9O 


CA3338A 


= GND, 


CA3338A 


CA3338A 


—h 


Table 1: Pin Descriptions 


[Name] Description ___—| 
Most Significant Bit 
| D6 _| 


Input 
Data 
Bits 
(High = True) 


O 


Zs 
| 03 
ed 
[Dy _| Least Significant Bit. Input Data Bit 


DIGITAL SIGNAL PATH 


The digital inputs (LE, COMP, and DO-D7) are of TTL 
compatible HCT High Speed CMOS design: the loading is 
essentially capacitive and the logic threshold is typically 
1.5V. 


The 8 data bits, DO (weighted 29) through D7 (weighted 
27), are applied to Exclusive OR gates (see Figure 2). The 
COMP. (data complement) contro! provides the second in- 
put to the gates: if COMP is high, the data bits will be invert- 
ed as they pass through. | 


The input data and the LE (latch enable) signals are next 
applied to a level shifter. The inputs, operating between the 
levels of Vpp and Vss, are shifted to operate between Vpp 
and Veg. Veg optionally at ground or at a negative voltage, 
will be discussed under bipolar operation. All further logic 
elements except the output drivers operate from the Vpp 


O};O 
ao |S 


O;O 
= 1p 


- and Veg supplies. 


The upper 3 bits of data, D5 through D7, are input to a 3- 
to-7 line bar graph encoder. The encoder outputs and DO 
through D4 are applied to a feedthrough latch, which is con- 
trolled by LE (latch enable). 


NOTE: All typical values have been characterized but are not tested. 
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CA3338, CA3338A 


INPUT DATA 


LATCH ENABLE 


Figure 3: Data to Latch Enable Timing 


LATCH OPERATION 


Data is fed from input to output while LE is low: LE should 
be tied low for non-clocked operation. 


Non-clocked operation or changing data while LE is low is 
not recommended for applications requiring low output 
“glitch” energy: there is no guarantee of the simultaneous 
changing of input data or the equal propagation delay of all 
bits through the converter. Several parameters are given if 
the converter is to be used in either of these modes: Tpo 
gives the delay from the input changing to the output chang- 
ing (10%), while tsy2 and Ty give the set up and hold times 
(referred to LE rising edge) needed to latch data. See Fig- 
ures 3 and 4. 


Clocked operation is needed for low ‘“‘glitch’’ energy use. 
Data must meet the given Ts; set up time to the LE falling 


edge, and the Ty, hold time from the LE rising edge. The 
delay to the output changing, Tp, is now referred to the LE 


falling edge. 

There is no need for a square wave LE clock; LE must 
only meet the minimum TW pulse width for successful latch 
operation. Generally, output timing (desired accuracy of set- 
tling) sets the upper limit of usable clock frequency. 


OUTPUT STRUCTURE 


The latches feed data to a row of high current CMOS 
drivers, which in turn feed a modified R-2R ladder network. 


The ‘“‘N” channel (pull down) transistor of each driver plus 
the bottom “2R” resistor are returned to Varr—; this is the 
(—) full-scale reference. The “P’’ channel (pull up) transis- 
tor of each driver is returned to Vagret, the (+) full-scale 
reference. 


In unipolar operation, VagF~ would typically be returned 
to analog ground, but may be raised above ground (see 
specifications). There is substantial code dependent current 
that flows from Varrt to Varr~ (see Vagert input current 
in specifications), so VagF~ should have a low impedance 
path to ground. 


OUTPUT STRUCTURE (Continued) 


In bipolar operation, Vagf~ would be returned to a nega- 
tive voltage (the maximum voitage rating to Vpp must be 
observed). Veg, which supplies the gate potential for the 
output drivers, must be returned to a point at least as nega- 
tive as Vage—. Note that the maximum clocking speed de- 
creases when the bipolar mode is used. 


INPUT DATA 


LATCH ENABLE 


1/2LSB 
OUTPUT VOLTAGE 


/2LSB 


0192-4 
Figure 4: Data and Latch Enable to Output 
Timing 


STATIC CHARACTERISTICS 


The ideal 8-bit D/A would have an output equal to VaeF— 
with an input code of 001, (zero scale output), and an 


CA3338, CA3338A 


output equal to 255/256 of Vagrrt (referred to Vacr—) with 
an input code of FF 16 (full-scale output). The difference be- 
tween the ideal and actual values of these two parameters 
are the OFFSET and GAIN errors respectively: see Figure 
5. 


If the code into an 8-bit D/A is changed by 1 count, the 
output should change by 1/255 (full-scale output—zero- 
scale output). A deviation from this step-size is a differential 
linearity error: see Figure 6. Note that the error is expressed 
in fractions of the ideal step size (usually called an LSB). 
Also note that if the (—) differential linearity error is less (in 
absolute numbers) than 1 LSB, the device is monotonic. 
(The output will always increase for increasing code or de- 
crease for decreasing code). 


lf the code into an 8-bit D/A is at any value, say “N’’, the 
output voltage should be N/255 of the full-scale output (re- 
ferred to the zero-scale output). Any deviation from that out- 
put is an integral linearity error, usually expressed in LSB’s. 
See Figure 6. 

Note that OFFSET and GAIN errors do not affect integral 
linearity, as the linearity is referenced to actual zero and full- 
scale outputs, not ideal. Absolute accuracy would have to 


-also take these errors into account. 


= |1DEAL TRANSFER CURVE 
aman —m = ACTUAL TRANSFER CURVE 


OUTPUT 
VOLTAGE 
ASA 
FRACTION OF 


+. as 
Vrer ~“REF 


OFFSET 
ERROR 


(SHOWN +) 
c= 


FD FE 


INPUT CODE IN HEXADECIMAL 
(COMP = LOW) 


Figure 5: D/A Offset and Gain Error 


NOTE: Alf typical values have been characterized but are not tested. 


CA3338A 


CA3338A 


CA3338, CA3338A 


STRAIGHT LINE 
FROM "O" SCALE 
TO FULL SCALE 

VOLTAGE 


*IDEAL TRANSFER CURVE 
——— =ACTUAL TRANSFER CURVE 


OUTPUT 
VOLTAGE 


ee LINEARITY 


ERROR (SHOWN -—) 


A=IDEAL STEP SIZE (1/255 OF FULL SCALE—"O"SCALE VOLTAGE) 
B-A= + DIFFERENTIAL LINEARITY ERROR 
C-A=-DIFFERENTIAL LINEARITY ERROR 


INPUT CODE 


Figure 6: D/A Integral and Differential Linearity Error 


DYNAMIC CHARACTERISTICS 

Keeping the full-scale range (Vperpt — Vref) as high 
as possible gives the best linearity and lowest “‘glitch’”’ ener- 
gy (referred to 1V). This provides the best “P’” and “N” 
channel gate drives (hence saturation resistance) and prop- 
agation delays. The Vagrt (and Vref if bipolar) terminal 
should be well bypassed as near the chip as possible. 


_ “Glitch” energy is defined as a spurious voltage that oc- 
curs as the output is changed from one voltage to another. 
In a binary input converter, it is usually highest at the most 
significant bit transition (7F4,6 to 8046 for an 8 bit device), 
and can be measured by displaying the output as the input 
code alternates around that point. The “glitch” energy is the 
area between the actual output display and an ideal one 


LSB step voltage (subtracting negative area from positive), . 


at either the positive or negative-going step. It is usually 
expressed in pV-s. 

The CA3338 uses a modified R-2R ladder, where the 3 
most significant bits drive a bar graph decoder and 7 equally 
weighted resistors. This makes the ‘‘glitch” energy at each 
¥ scale transition (1F 4g to 2015, 3F4¢ to 4046, etc.) essen- 
tially equal, and far less than the MSB transition would oth- 
erwise display. 


NOTE: All typical values have been characterized but are not tested. 
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For the purpose of comparison to other converters, the 
output should be resistively divided to 1V full-scale. Figure 7 
shows a typical hook-up for checking “‘glitch’’ energy or set- 
tling time. 

The settling time of the A/D is mainly a function of the 
output resistance (approximately 1602 in parallel with the 
load resistance) and the load plus internal chip capacitance... 
Both “glitch” energy and settling time measurements re- 
quire very good circuit and probe grounding: a probe tip 
connector such as Tektronix part number 131-0258-00 is 
recommended. 


APPLICATIONS 


The output of the CA3338 can be resistively divided to 
match a doubly terminated 502 or 752 line, although peak- 


 to-peak swings of less than 1V may result. The output mag- 


nitude will also vary with the converter’s output impedance. 
Figure 7 shows such an application. Note that because of 
the HCT input structure, the CA3338 could be operated up 
to +7.5V Vpp and Vreert supplies and still accept OV to 
5V CMOS input voltages. 


If larger voltage swings or better accuracy is desired, a 
high speed output buffer, such as the HA-5033, HA-2542, or 
CA3450, can be employed. Figure 8 shows a typical appli- 
cation, with the output capable of driving +2V into multiple 
502. terminated lines. 


{-7,9 


8 DATA BITS 


DIGITAL 
GROUND 


CA 3338 


Function: Connector 


Oscilloscope Display Probe Tip 
Match 93 Cable BNC 
Match 7529 Cable BNC 
Match 50 Cable BNC 


Short 


CA3338, CA3338A 


R3 
PROBE TIP 


OR BNC 
CONNECTOR 


ANALOG 
GROUND 


R2 R3 Vout (PK-PK) 


620. N/C 1V 
160 93 1V 
130 75 1V 
75 50 0.79V 


NOTES 1: Voyt(PK) is approximate, and will vary as Royt of D/A varies. 


2: All drawn capacitors are 0.1 »F multilayer ceramic//4.7 uF tantalum. 


3: Dashed connections are for unipolar operation, solid for bipolar. 


Figure 7: CA3338 Dynamic Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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RE MOTE 
VouT 


CA3338A 


CA3338, CA3338A 


4.7yF TAN 


CA3338 


CLOCK LE pa UP TOS OUTPUT LINES 
. FOR R= 75,3 LINES 
_1-7,9 Vout FOR R=502 
8 DATA BITS 00-07 


+ 3-00V AT 25 mA 
V 392% 
DO 1% 


16 


+ 
VREF 
14 
Vss- VEE 
4.7hF O-lpF O-luF CER 
TAN CER BASES: 
ADJUST 
OFFSET 


4.7 pF 
TAN 


NOTES 1: Both Vagrt pin and 3920 resistor should be bypassed within 1/, in. 
2: Keep nodal capacitance at CA3450 pin 3 as low as possible. 


3: Vout Range = +3V.at CA3450. . 
Figure 8: CA3338 and CA3450 for Driving Multiple Coaxial Lines 


Table 2: Output Voltage vs Input Code and Vrer 


Vrert 5.12V | 5.00V 4.608V 2.56V 2.50V 
VREF~ 0 0 0 — 2.56V —2.50V 
Step Size 0.0200V — 0.0195V 0.0180V 0.0200V 0.0195V 


Input Code . : 
111111119 = FFyg¢ 5.1000V 4.9805V 4.5900V 2.5400V 2.4805V 
111111100 = FEi¢ 5.0800 4.9610 4.5720 2.5200 2.4610 


1000 00015 = B1i¢ 
1000 00002 = 80i¢ 
011111110 = 7Figs 


0000 00015 = 0146 
0000 00005 = 0046 


NOTE: All typical values have been characterized but are not tested. 
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OPERATING AND HANDLING 
OPERATIONS 


1. 


Handling 


All inputs and outputs of CMOS devices have a network 
for electrostatic protection during handling. Recom- 
mended handling practices for CMOS devices are de- 
scribed in ICAN-6525. “Guide to Better Handling and 
Operation of CMOS Integrated Circuits.”’ 


. Operating 


Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
the absolute maximum ratings to be exceeded. 


NOTE: All typical values have been characterized but are not tested. 
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CA3338, CA3338A 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than 
Vss. Input currents must not exceed 20 mA even when 
the power supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vcc or GND, whichever is appropriate. 


qd 
© 
o 
o 
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HI-562A 


Features | 
© Output Current 


@ Monolithic Construction 
¢ Extremely Fast Settling 300ns To 0.01% (Typ) 
© Low Gain Drift..........0ccc eens +10ppm/°C (Max) 


e Linearity Guaranteed Over Temperature... +1/2 LSB 
(Max) 


¢ Designed for Minimum Glitches 
e Monotonic Over Temperature 


Description 


The Harris HI-562A is the first monolithic digital-to-analog 
converter to combine both high speed performance and 
12-bit accuracy on the same chip. The HI-562A’s fast out- 
put current settling of 300ns to 0.01% is achieved using 
Dielectric Isolation processing to reduce internal parasitics 
for fast rise and fall times during switching. Output glitches 
are minimized in the HI-562A by incorporating equally 
weighted current sources switched into an R-2R ladder 
network for symmetrical turn-ON and turn-OFF switching 
times. This creates within the chip a very uniform and 
constant thermal distribution for excellent linearity and also 
completely eliminates thermal transients during switching. 
High stability thin film resistor processing together with 
laser trimming provide the HI-562A with guaranteed 12-bit 
linearity to within +1/2LSB maximum at +25°C for -4 and 
-5 parts and to within +1/4LSB maximum at +25°C for -2 


Pinouts 


Applications 

e CRT Display Generation 

¢ High Speed A/D Converters 
© Video Signal Reconstruction 
e Waveform Synthesizers 

¢ High Speed Data Acquisition 
© High-Rel Applications 

® Precision Instruments 


and -8 parts. The HI-562A is recommended as a replace- 
ment for higher cost hybrid and modular units for increased 
reliability and accuracy in applications such as CRT 
displays, precision instruments and data acquisition 
systems requiring throughput rates as high as 3.3MHz for 
full range transitions. Its small size makes it an ideal choice 
as the heart of high speed A/D converter designs or as a 
building block in high speed or high resolution industrial 
process control systems. The HI-562A is also ideally suited 
for aircraft and space instrumentation where operation over 
a wide temperature range is required. 


The HI-562A is offered in commercial, industrial and 
military grades. The HI-562A is available in a 24 pin 
‘Ceramic Sidebraze DIP. For MIL-STD-883 compliant parts, 
request the HI-562A/883 data sheet. 


Hi1-562A (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 


BIPOLAR Rin | | 7 
BIPOLAR Rout | | 8 
IpAc OUT | | 9 

10V SPAN R { | 10 
20V SPAN R | | 11 


24 | | BIT 1 (MSB) 


15| | BIT 10 IN 


13 | | BIT 12 (LSB) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC handling procedures. 
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HI-562A 


Functional Diagram 


TTL/CMOS 
LOGIC | 
LEVEL BIT 11N BIT 121N 
GND V+ SELECT (MSB) 2 3 4 5 6 7 8 9 10 411. (LSB) 
12 G) @ @ @ @ @) @ 9) G8) 4 O)  @ 9 
20V 
DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 5K oe 


= aa 
ee a ice : 

PAN R 
oe Cikiniinicinienice 
© 6) 

ftw | [aw | fai | fax | [aw | [aK |] aK | aK IDac 


OUT 

CONTROL begiemet Gilt AY asael We uals OR uals IO gh ieee cl IO Ws IS eta IY end SJ Sa2j 2a2 BIPOLAR 

4 4 4 4 } 5 4 A R OUT 

AMP B) 

v, i 9.95K 

4k 8.75KS$8.75K 8.75K38.75 8.75K (7) 

(3) 20pF BIPOLAR 
Vref (LOIN) v- (6) RIN 


NOTE: Pin Numbers Refer to DIP Package Only. 
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Specifications HI-562A 


Absolute Maxim Ratings (Referred io GND, Note 1) 
Power Supply Inputs 

Vps+ ENS NR Ree et Raa Seen ee RS A OEE REE GLa art Coar SRP +20V 

Wiggs cade cate anc siseusneu cubicaadandlakasoud masses -20V 
Reference Inputs 

VREFIHIGN) ocectnc steered Oy ete Meenas mesode ees +16.5V 
Digital Inputs 

Bis $12 (Peete eos eee ew eels cece eawen -1V, +7.5V 

Bits. 1-121 CMOS): sowed k kh okegduwseadosoeeees -1V, Vos+ 

CMOS/TTL Logic Select.................00000: -1V, +16.5V 
Outputs 

Pins 7,8,10,11 ..........% oo alae Sie Ag sania ye) abn eettelce} © Abuelete ye Sac +Vps 

Pil F GAcecatpwae) pai ees ot haves ateuureeee. ote +Vpg, -5V 
Junction Temperature ............ 0c c cece eee teen eee +175°C 


Electrical Specifications 


TTL/ 


PARAMETER 


INPUT CHARACTERISTICS 
Digital Inputs (Note 3) 


input Voltage (Note 2) 
Logic “1” 
Logic “O” 
Input Current (Note 2) 
Logic “1” 
Logic “0” 


CMOS 


Input Voltage 
Logic “1” 
Logic “O” 
Input Current 
Logic “1” 
Logic “O” 
Reference Input 


Input Resistance 
. Input Voltage 


TRANSFER CHARACTERISTICS 


Resolution 


Nonlinearity (Note 3) 


Differential Nonlinearity 
(Note 3) 


Relative Accuracy (Note 6) 
Gain Error 
Bipolar Offset Error 
Unipolar Offset Error 


Adjustment Range 
Gain 
Bipolar Offset 


Temperature Stability 


Gain Drift (Note 3) 
Offset Drift (Note 3) 
Unipolar Offset 
Bipolar Offset 
Differential Nonlin. 


Settling Time (Note 3) 
to +1/2LSB 


(@ +25°C, Vos+ = +5V, Vps- = -15V, VREF = +10V, CMOS/TTL Logic Select = 


Otherwise Specified.) 


CONDITION 


Bit ON “Logic 1” 
Bit OFF “Logic 0” 


(Vps+ <9.5V) 
Pin 2 Tied to Pin 12 
Over Full Temperature Range 


Pin 2 Tied to Pin 1 
Over Full Temperature Range 


Over Full Temperature Range 


@ +25°9C 
Over Full Temperature Range 


@ +25°9C 
Over Full Temperature Range 


With 502 (1%) Resistors 
All Bits ON 
All Bits OFF 
All Bits OFF 


See Operating Instructions 
With 1002 Trim 
Potentiometers 


Drift Specified With Intemal 
Span Resistors For Volt. Output 
Over Full Temperature Range 
Over Full Temperature Range 

All Bits OFF 
All Bits OFF 
Over Full Temperature Range 


All Bits ON-to-OFF or 
OFF-to-ON 


LE 
_ | sta | 


MONOTONICITY GUARANTEED 


Operating Temperature Range 


HI-SG2AH2 5 cot ikind «dine OUR heen ees -55°C to +125°9C 
HI-562A~-4 .1 ccc ce ccc cee cece -25°C to +85°9C 
FUSS 2A RH 5 ss Saison a ete oe ae oa eda ee O0°C to +759C 
Storage Temperature Range ................. ~65°C to +150°C 


GND, Unless 


HI-562A-4/HI-562A-5 


+1/4 P| aya | +1/2 


%FSR 

%FSR 

%FSR 
(Note 4) 
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Specifications HI-562A 


Electrical Specifications (Continued) 


PARAMETER CONDITIONS 


Major Carry Transient 
Peak Amplitude Settling 
Time to 90% Complete 


Power Supply Sensitivity (Note 3) 
Unipolar Offset 
Vos+ @ +5V or +15V 
Vps- @ -1 5V 
Bipolar Offset 
Vps+ @ +5V or +15V 
Vps- @ -1 5V 
Gain 
Vps- @ -1 5V : 


From 011...1 to 100...0 
or 100...0 to 011...1 


All Bits OFF 


All Bits OFF, Bipolar Mode 


All Bits ON 


OUTPUT CHARACTERISTICS 
Output Current 
Unipolar 

Bipolar 


Resistance 


Capacitance 


Output Voltage Ranges 
Unipolar 


Using External Op Amp 
and Internal Scaling Resistors. 
See Figure 1 and Table 1 
For Connections 


Bipolar 


Compliance Limit (Note 3) 
Compliance Voltage (Note 3) Over Full Temperature Range 


0.1 to 10Hz (All Bits ON) 
0.1 to SMHz (All Bits ON) 


Output Noise 


POWER REQUIREMENTS 
1 Vos+ (Note 7) 


Over Full Temperature Range 
Over Full Temperature Range 


lps+ (Note 5) All Bits ON or OFF in Either 
Ips- (Note 5) TTL or CMOS Mode (25°C) 

| Ips+ (Note 5) Same as Above Except 
Ips- (Note 5) Over Full Temperature Range © 
Power Dissipation (25°C) 


Vps+ = +5V, Vps- =-1 5V 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Vos+ tolerance is 10% for HI-562A-2, and +5% for HI-562A-4, -5. 

. See Definitions. 

. FSR is “Full Scale Range” and is 20V for +10V ranges, 10V for +5V 

ranges, etc., or 2mA (420%) for current output. 

5. After 30 seconds warm-up. , 


kW 


Die Characteristics 


Transistor Count ........... 
Die Dimensions ............ 


Thermal Impedance (°C/W) 


Sidebraze DIP 
Ceramic LCC 


Tie Substrate to ............ 
PROCESS ce eid ee a a 


HI-562A-4/HI-562A-5 


+3.5 
+7.5 


6. Using an external op amp with internal span resistors and specified exter- 
nal trim resistors in place of potentiomenters R1 and R2. Errors are adjust- 
able to zero using R1 and R2 potentiometers. (See Operating Instructions 
Figure 2.) 

7. The HI-562A is designed for Vog+ = SV, but +4.5V < Vong < 16.5V may- 
be connected if convenient (For Vpg4 above +5V, there is an increase in 
power dissipation but little change in performance.) 


dls Sp three Thal as hte id ns & 150 
lee ules eae? 103 x 209 mils 

Gja Bic 

50 15 

81 40 
.-VREF Low (Analog Ground) 
Sie aseg maaie .......Bipolar-Dl 
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HI-562A 


Defsinitions of Specifications 


. Digital Inputs 


The HI-562A accepts digital input codes in binary format 
and may be user connected for any one of three binary 
codes: Straight Binary, Two’s Complement, or Otiset Binary 
(see SORT Instructions). 


ANALOG | == ANALOGOUTPUT 


DIGITAL Straight Offset Two’s 
INPUT Binary Binary Complement* 


-FS (Full Scale) 


Zero 
Zero -FS 

+FS-1LSB | 1/2FS-1LSB 

Zero-1LSB +FS-1LSB 


- *Invert MSB with external inverter to obtain Two’s 
: Complement Coding 


Accuracy 


INTEGRAL NONLINEARITY — The maximum deviation of 
the. actual transfer characteristic from an ideal straight line. 
The ideal line is positioned according to “end-point 
linearity’ for D/A converter products from Harris 
Semiconductor, i.e. the line is drawn between the end- 
points of the actual transfer characteristic (codes 00...0 and 
11...1). 


DIFFERENTIAL NONLINEARITY — The difference between 
one LSB and the output voltage change corresponding to 
any two consecutive codes. A Differential Nonlinearity of +1 
LSB or less guarantees monotonicity. 


MONOTONICITY — The property of a D/A converter’s 
transfer function which guarantees that the output derivative 
will not change sign in response to a sequence of increas- 
ing (or decreasing) input codes. That is, the only output 
response to a code change is to remain constant, increase 
for increasing code, or decrease for decreasing code. 


Settling Time 


That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured 
from 50% of the input digital transition, and a window of 
+1/2 LSB about the final value. The device output is then 
rated according to the worst (longest settling) case: low to 
high, or high to low. 


Drift 

GAIN DRIFT — The change in full scale analog output over 
the specified temperature range expressed in parts per mil- 
lion of full scale range per °C (ppm of FSR/°C). Gain error 
is measured with respect to +25°9C at high (Ty) and low 
(TL) temperatures. Gain drift is calculated for both high 
(Ty -25°9C) and low (+25°C - T,) ranges by dividing the 
gain errog by the respective change in temperature. The 
specification is the larger of the two representing worst 
case drift. 


OFFSET DRIFT — The change in analog output with all bits 
OFF over the specified temperature range expressed in 
parts per million of full scale range per °C (ppm of FSR/°C). 
Offset error is measured with respect to +25°C at high (Ty) 
and low (T,) temperatures. Offset Drift is calculated for both 
high (TH -25°C) and low (+25°C - T,) ranges by dividing 


' the offset error by the respective change in temperature. 


The specification given is the larger of the two, representing 


_ worst-case drift. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change 
in -15V, +5V or +15V supplies. It is specified under DC 
conditions and expressed as parts per million of full 
scale range per percent of change in power supply (ppm of 
FSR/%Vps). 


Compliance 


Compliance Voltage is the maximum output range for which 
specified accuracy limits are guaranteed. Compliance Limit 
implies functional operation only and makes no claims to 
accuracy. 


Glitch 


A glitch on the output of a D/A converter is a large transient 
spike resulting from unequal internal ON-OFF switching 
times. Worst case glitches usually occur at half-scale or the 
major carry code transition from 011...1 to 100...0 or vice 


' versa. For example, if turn ON is greater than turn OFF for 


011...1 to 100...0, an intermediate state of O00...0 exists, 
such that, the output momentarily glitches toward zero 
output. Matched switching times and fast switching will 
reduce glitches considerably. 
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Operating Instructions 
Decoupling and Grounding 


For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 1 
should be used. Decoupling capacitors should be con- 
nected close to the HI-562A (preferably to the device pins) 
and should be tantalum or electrolytic bypassed with 
ceramic types for best high frequency noise rejection. 


ANALOG GROUND 


FIGURE 1. 


Unipolar and Bipolar Voltage Output Connections 


CONNECTIONS — Using an external resistive load, the out- 
put compliance should not exceed +1V to maintain 
specified accuracy. For higher output voltages, accuracy 
can be maintained by using an external op amp and the 
internal span resistors as shown in Figure 2 and defined in 
Table 1 for unipolar and bipolar modes. 


+5V/+15V,-15V 


HA-2510/2515 
HA-2600/2605 


+15V 


UNIPOLAR 
BIPOLAR ZERO 


OFFSET 
ADJUST sous? 


*For TTL and DTL compatibility, connect +5V to pin 1 and tie pin 2 to pin 12. 
For CMOS compatibility, connect digital power supply (9.5V < VDD < 
+12V) to pin 1 and short pin 2 to pin 1. 

**Bias resistor, RB, should be chosen to equalize op amp offset voltage due 
to bias current. Its value is calculated from the parallel combination of the 
current source output resistance (2K) and the op amp feedback resistor. 
See Table 1 for values of RB. 


FIGURE 2. 


TABLE 1. 


CONNECTIONS 


OUTPUT | PIN7 |] PINS |/PIN10/PIN11] BIAS (RB) 
RANGE TO TO TO TO RESISTOR 


Mode 
Bipolar 


External Gain and Zero Calibration (See Figure 2) 


The input reference resistor (20K nominal) and bipolar 
offset resistors shown in Figure 2 are both intentionally set 
low by 502. to allow the user to externally trim-out initial 
errors to a very high degree of precision. The adjustments 
are made in the voltage output mode using an external op 
amp as current-to-voltage converter and the HI-562A 
internal scaling resistors as feedback elements for optimum 
accuracy and temperature coefficient. For best accuracy 
over temperature, select an op amp that has good front-end 
temperature coefficients such as the HA-2600/2605 with 
offset voltage and offset current tempco's of 5;1V/9C in 
1nA/°C, respectively. For high speed voltage mode applica- 
tions where fast settling is required, the HA-2510/2515 Is 
recommended for better than 1.5us settling to 0.01%. Using 
either one, potentiometer R3 conveniently nulls unipolar 
offset plus op amp offset in one operation (for HA-2510/ 
2515 and HA-2600/2605 use R3 = 20K and 100K, 
respectively). For bipolar mode operation, R3 should be 
used to null op amp offset to optimize its tempco (i.e., short 
9 to A and adjust R3 for zero before calibrating in bipolar 
mode). The gain and bipolar offset adjustment range 
using 1002 potentiometers is +12 LSB and +25 LSB, 
respectively. If desired, the potentiometers can be replaced 
with fixed 502 (1%) resistors resulting in an initial gain and 
bipolar offset accuracy of typically +1/2 LSB. 


UNIPOLAR CALIBRATION 


Step 1: Unipolar Offset 
e Turn all bits OFF 
e Adjust R3 for zero volts output 


Step 2: Gain 
e Turn all bits ON 
e Adjust R2 for an output of FS - 1 LSB 
That is, adjust for: 
9.9976V for OV to +10V range 
4.9988V for OV to +5V range 


BIPOLAR CALIBRATION | 


Step 1: Bipolar Offset 
© Turn all bits OFF 
e Adjust R1 for an output of: 
-10V for +10V range 
~5V for +5V range 
-2.5V for +2.5V range 


Step 2: Gain 
e Turn bit 1 (MSB) ON; all other bits OFF 
e Adjust R2 for zero volts output 
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HI-565A 


High Speed Monolithic 
Digital-to-Analog 
Converter with Reference 


Features es | Description 


DAC AND REFERENCE ON A SINGLE CHIP The HI-565A is a fast, 12 bit current output, digital to analog 
converter. The monolithic chip includes a precision voltage refer- 
PIN COMPATIBLE WITH ADS6SA : ence, thin-film R-2R ladder, reference control amplifier and twelve 
VERY HIGH SPEED: SETTLES TO 1/2 LSB IN 250ns, MAX. high-speed bipolar current switches. 

~ FULL SCALE SWITCHING TIME 30ns, TYP. 


GUARANTEED FOR OPERATION WITH +12V SUPPLIES The Harris Semiconductor dielectric isolation process provides latch- 


free operation while minimizing stray capacitance and leakage 
MONOTONICITY GUARANTEED OVER TEMPERATURE currents, to produce an excellent combination of speed and accur- 


1/2 LSB MAX NONLINEARITY GUARANTEED OVER acy. Also, ground currents are minimized to produce a low and 
TEMPERATURE constant current through the ground terminal, which reduces error 


LOW GAIN DRIFT (MAX, DAC PLUS 25ppm/0C due to code-dependent ground currents. 


REFERENCE) : ; ‘ : 
HI-565A dice are laser trimmed for a maximum integral non- 
LOW POWER DISSIPATION . 250mW linearity error of 1/4 LSB at +259C. In addition, the low noise 
buried zener reference is trimmed both for absolute value and. 
minimum temperature coefficient. 
Applications | 
; The HI-565A is offered in both commercial and military grades. 
For additional Hi-Rel screening including 160 hour burn-in, specify 
@ CRT DISPLAYS the '-8" suffix. See Ordering Information. 
@ HIGH SPEED A/D CONVERTERS . 
e SIGNAL RECONSTRUCTION Package is a 24 pin side-brazed ceramic DIP. Power dissipation 


is typically 250mW, with +15V supplies. 
@ WAVEFORM SYNTHESIS . 


Pinout Functional Diagram 


TOP VIEW 


NC BIT 1 (MSB) IN REF OUT VCC ' 
NC ‘ : BIT 21N BIP. OFF. O8 O20V SPAN 
Vcc a8 BIT 3 IN ” 
REF OUT (+10V) BIT4IN- . 0 10V SPAN 
REF GND BIT 5 IN | 
REF IN BIT 6 IN 
-VEE BIT 7 IN 
BIPOLAR RIN BIT 8 IN 
[DAC OUT . BIT QIN 
iov span R [] 10 | BIT 10 IN 
20V SPAN R L} 11 4 BIT 11 IN 
POWER GND [] 12 os BIT 12 (LSB) IN 
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Specifications HI-565A 


Absolute Maximum Ratings* 
Vcc to Power Ground OVto+18V 10V Span Rto Reference Ground ................ £12V 
VEE to Power Ground OV to-18V 20V Span R to Reference Ground ................ + 24V 
Voltage on DAC Output (Pin 9) -3V to+12V ‘Ref Out Indefinite Short to Power Ground 
Digital Inputs (Pins 13-24) to Power Ground -1V to +7.0V Momentary Short to Vcc 
Ref In to Reference Ground. ............2002000- +12V Operating Temperature Ranges: 
Bipolar Offset to Reference Ground ............... £12V HI-565AS, T-2 
Junction Temperature 1759C HI-565AJ, K-5 

H!I-565AS, T-8 


< 
Ve) 
re) 
. 
Tr 


* Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 


Electrical Specifications (Ta =+259C, Vcc = +15V, Veg = -15V, unless otherwise specified) 


HI-565AJ, HI-565AS HI-565AK, HI-565AT 


DATA INPUTS (Note 1) (Pins 13 to 24) 


TTL or 5V CMOS (TMIN to TMAX) 
Input Voltage 

Bit ON Logic 1” 

Bit OFF Logic 0” 
Logic Current (Each Bit) 

Bit ON Logic "1" 

Bit OFF Logic ngr 


QUTPUT 


Current Unipolar (All Bits On) 
Bipolar (All Bits on or Off) 
Resistance (Exclusive of Span Resistors) 
Offset | Unipolar 
Bipolar (Figure 2, R3 = 
5092 Fixed) 


Capacitance 
Compliance Voltage, TMIN to TMAX 


ACCURACY (Error Relative to 
Full Scale) 


+250C x +1/2 £1/8 
(0.012) (0.003) 

TMIN to TMAX +3/4 +1/4 
(0.018) (0.006) 


DIFFERENTIAL NONLINEARITY 
+250C 41/2 +3/4 


TMIN to TMAX MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 


With Internal Reference 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2 LSB 


With High.Z External Load (Note 2) 
With 7592 External Load 
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Specifications HI-565A 


HI-565A4J, HI- 565AS HI-565AK, HI-565AT 


FULL SCALE TRANSITION (From 
50% of Logic Input to 90% of Analog 
Output) 


Rise Time 
Fall Time 


TEMPERATURE RANGE 


Operating (HI-565AJ/K) 
(HI-565AS/T) 
Storage 
D Package (All) 
N Package (J, K) 


POWER REQUIREMENTS 


Icc, +11.4 to +16.5V DC 
leg, -11.4 to -16.5V DC 


POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 


Vee =+11.4 to +16.5 VDC 


Veg = -11.4 to -16.5 VDC 


PROGRAMMABLE OUTPUT 
RANGES (See Table 1) 0 to +5 0 to +5 
~2.5 to +2.5 -2.5 to +2.5 
Oto +10 0 to +10 
-5 to +5 -5 to +5 
-10 to +10 -10 to +10 


EXTERNAL ADJUSTMENTS 


Gain Error with Fixed 5092 Resistor 
for R2 (Figure 1) 

Bipolar Zero Error with Fixed 5002 
Resistor for R3 (Figure 2) 

Gain Adjustment Range (Figure 1) 

Bipolar Zero Adjustment Range 


REFERENCE INPUT 
Input Impedance 
REFERENCE OUTPUT 


Voltage 
Current (Available for External Loads) 


POWER DISSIPATION 


NOTES: 

1. Guaranteed but not tested over the operating temperature range. 

2. See settling time discussion and Figure 3. 

3. The Power Supply Gain Sensitivity is tested in reference to a VCC, VEE of +15V. 
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Definitions of Specifications 


DIGITAL INPUTS 


The HI-565A accepts digital input codes in binary format and 
may be user connected for any one of three binary codes. 
Straight Binary, Two’s Complement*, or Offset Binary, (See 
Operating Instructions). 


| ANALOG OUTPUT 


MSB...LSB 

000...000 Zero -FS (Full Scale) Zero 
100...000 ”FS Zero -FS 
111...111 | +FS-—1LSB | +FS—1LSB | Zero—1LSB 
011...111 | 4FS—1LSB | Zero—1LSB | +FS—1LSB 


*Invert MSB with external inverter to obtain Two's 
Complement Coding 


ACCURACY 


NONLINEARITY — Nonlinearity of a D/A converter’ is an 


important measure of its accuracy. It describes the deviation” 


from an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 


DIFFERENTIAL NONLINEARITY — For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one bit change in code. 
A Differential Nonlinearity of £1 LSB or less guarantees mono- 
tonicity; i.e., the output always increases and never decreases 
for an increasing input. 


SETTLING TIME 


Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition, 
settling to. within 1/2 LSB of final value. 


Applying the HI-565A 


OP AMP SELECTION 


The HI-565A’s current output may be converted to voltage 
using the standard connections shown in Figures 1 and 2. The 
choice of operational amplifier should be reviewed for each 
application, since a significant trade-off may be made between 
speed and accuracy. 


For highest precision, use an HA-5130. This amplifier contri- 
butes negligible error, but requires about 11s to settle within 
£0.1% following a 10V step. 


The Harris Semiconductor HA-2600 is the best all-around choice 
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DIGITAL Straight Offset Two’s ; 
INPUT Binary . Binary Complement* 


DRIFT 


GAIN DRIFT — The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per 9C (ppm of FSR/0C). Gain error is meas- 
ured with respect to +25°9C at high (Ty) and low (TL) temp- 
eratures, Gain drift is calculated for both high (Ty -25°C) and 
low ranges (+250C -T,) by dividing the gain error by the respec- 
tive change in temperature. The specification is the larger of 
the two representing worst-case drift. 


OFFSET DRIFT — The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per °C (ppm of FSR/°C). Offset 
error is. measured with respect to +259C at high (Ty) and low 
(TL) temperatures. OffsettDrift is.calculated for both high 
(Ty -259C) and low (+259C.-T,) ranges by dividing the offset 


error by the respective change in temperature. The specification: 


given is the larger of the two, representing worst-case drift. 


POWER SUPPLY SENSITIVITY 


Power Supply Sensitivity is a measure of the change in gain and. 
offset of the D/A converter resulting from a change in ~15V 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per. million of full scale range per percent of 
change in power supply (ppm of FSR/%). 


COMPLIANCE 


Compliance Voltage is the maximum output voltage range that 
can be tolerated and still’: maintain its specified accuracy. Com- 
pliance Limit implies functional operation only and makes no 
claims to accuracy, 


GLITCH 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry 
code transition from 011...1 to 100...0 or vice versa. For ex- 
ample, if turn ON is greater than turn OFF for 011...1 to 
100...0, an intermediate state of 000...0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches 
considerably. 


for this application, and it settles in 1.5us (also to 0.1% follow- 
ing a 10V step). Remember, settling time for the DAC-amplifier 


combination is\/tp2 + ta2, where tp, ta are settling times for 
the DAC and amplifier. 


NO-TRIM OPERATION 


The HI-565A will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50 {2 
resistors for the 1002 trimming potentiometers: In Figure 1 
replace R2 with 502 ; also remove the network on pin 8 and 
connect 5082 to ground. For bipolar operation in Figure 2, 
replace R3 and R4 with 5022 resistors. 
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Applying the HI-565A, (Continued) 


Table 1 — Operating Modes and Calibration 


fae! CIRCUIT CONNECTIONS: 


CALIBRATION: 


OUTPUT | PIN10 } PIN 11] RESISTOR APPLY TOSET |. 
RANGE TO TO (R) INPUT CODE | ADJUST Vo 
‘| Unipolar | 0 to +10V Vo 1.43K . All 0's OV 
(See Fig. 1) All 1's +9.99756V 


Bipolar 
(See Fig. 2) 


All 0's R1 OV 
All 1’s R2 +4.99878V 


All 0's R3 -10V 
All 1's R4 +9.99512V 


1.43K All 0's R3 -5V 
Alll’s R4 +4.99756V 


.With these changes, performance is guaranteed as shown under 


Specifications, ‘External Adjustments”. 
zero will be +1/2 LSB plus the op amp offset. 


Typical unipolar 


The feedback capacitor C must be selected to minimize settling 


time. 


CALIBRATION 


Calibration provides the maximum accuracy from a converter 
by adjusting its gain and offset errors to zero. For the HI-565A, 


_ these adjustments. are similar whether the current output is 


used, or whether an external.op amp is added to convert this 
current to a voltage. Refer to Table 1 for the voltage output 
case, along with Figure 1 or 2. 


REF OUT vcc 
O 


lo 
(4x IREF 
x CODE) 


R (See Table 1) 


FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 
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Calibration is a two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges), This is an offset adjust which trans- 
lates the output characteristic, i.e. affects each code by the 
same amount. 


Next adjust positive FS. This is a gain error adjustment, which 
rotates the output characteristic about the negative FS value. 


For the bipolar ranges, this approach leaves an error at the zero 
code, whose maximum value is.the same as for integral non- 
linearity error. In general, only two values of output may be 
calibrated exactly; all others must tolerate some error. 
Choosing the extreme end points (plus and minus full scale) 
minimizes this distributed error for all other codes. 


(4x IRE 
x CODE) 


Oo 
F 
R (See Table 1) 


FIGURE 2. BIPOLAR VOLTAGE OUTPUT 
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Settling Time 


This is a challenging measurement, in which the result depends 
on the method chosen, the precision and quality of test equip- 
ment and the operating configuration of the DAC (test condi- 
tions). As a result, the different techniques in use by converter 
manufacturers can lead to consistently different results. An 
engineer should understand the advantage and limitations of a 
given test methad before using the specified settling time as 
a basis for design. 


The approach used for several years at Harris Analog Products 
Division calls for a strobed comparator to sense final perturba- 
tions of the DAC output waveform. This gives the LSB a reason- 
able magnitude (814V for the HI-565A), which provides the 
comparator with enough overdrive to establish an accurate 
£1/2 LSB window about the final settled value. Also, the 
required test conditions simulate the DAC’s environment for a 
common application — use in a successive approximation A/D 
converter. . Considerable experience has shown this to be a 
reliable and repeatable way to measure settling time. 


The usual specification is based on a 10V step, produced by 
simultaneously switching all bits from off-to-on (tgn) or 
on-to-off (toFF). The slower of the two cases is specified, 
as measured from 50% of the digital input transition to the 
final entry within a window of +1/2 LSB about the settled value. 
Four measurements characterize a given type of DAC: 


(a) ton, to final value +1/2 LSB 
(b) ton, to final value -1/2 LSB 
(c) tOfFF, to final value +1/2 LSB 
(d) tofe, to final value -1/2 LSB 


(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds 1/2 LSB). For example, refer to Figure 3 for the 
measurement of case (d). 


PULSE 


OUT 
GENERATOR 


20v + 20% 
BIAS 


TURN ON 


O 
SCHOTTKY OUT 


DIODES 


FIGURE 3A. 
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PROCEDURE 


As shown in Figure 3B, settling time equals tx plus the compar- 
ator delay (tp = 15ns). To measure ty, 


@ Adjust the delay on generator + 2 for a tx of several 
microseconds. This assures that the DAC output has 
settled to its final value. 


® Switch on the LSB (+5V). 


e@ Adjust the V~Esg supply for 50 percent triggering at 
COMPARATOR OUT. This is indicated by traces of 
equal brightness on the oscilloscope display as shown in 
Figure 3B. Note DVM reading. 


@ Switch the LSB to Pulse (P). 


@ Readjust the Vispg supply for 50% triggering as before, 
and note DVM reading. One LSB equals one tenth the 
difference in the DVM readings noted above. 


@ Adjust the Visp supply to reduce the DVM reading by 
5 LSB’s (DVM reads 10X, so this sets the comparator to 
sense the final settled value minus 1/2 LSB). Comparator 
output disappears. 


© Reduce generator. #f 2 delay until comparator output 
reappears, and adjust for ‘equal brightness”. 


@ Measure tx from scope as shown in Figure 3B. Settling 
time equals tx + tp, i.e. tx +15ns. 


+3V 
@) DIGITAL 
INPUT 
OV 
-1/2 LSB 
OV 
DAC 
OUTPUT 


(TURN OFF) -400mV SETTLING TIME 
top = COMPARATOR DELAY 


tx 


comp. 


© STROBE 
0.8V 
“EQUAL BRIGHTNESS” 
4v : 
COMP. 
© OUT 


FIGURE 3B. 
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Other Considerations 
GROUNDS 


The HI-565A has two ground terminals, pin 5 (REF GND) and 
pin 12 (PWR GND). These should not be tied together near 
the package unless that point is also. the system signal ground 
to which all returns are connected. (If such a point exists, then 
separate paths are required to pins 5 and 12). 


The current through pin 5 is near-zero DC*; but pin 12 carries 
up to 1.75mA of code — dependent current from bits 1, 2, and 
3. The general rule is to connect pin 5 directly to the system 
“quiet” point, usually called signal or analog ground. Connect 
pin 12 to the local digital or power ground. Then, of course, 
a single path must connect the analog/signal and digital/power 
grounds. 


LAYOUT 


Connections to pin 9 (IgyT) on the HI-565A are most critical 
for high speed performance. Output capacitance of the DAC 
is only 20pF, so a small change or additional capacitance may 
alter the op amp’s stability and affect settling time. Connections 


Die Characteristics 


Transistor Count 
Die Size 


Thermal Constants; 0 jg 


Bic 


Tie Substrate to: 
Process: 
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to pin 9 should be short and few. Component leads should be 
short on the side connecting to pin 9 (as for feedback capacitor 
C). See the Settling Time section. 


BYPASS CAPACITORS 


Power supply bypass capacitors on the op amp will serve the 
HI-565A also. If no op amp is used, a 0.014F ceramic capacitor 
from each supply terminal to pin 12 is sufficient, since supply 
current variations are small. 


*Current cancellation is a two-step process within the HI-565A in 


which code-dependent variations are eliminated, then the result- 
ing DC current is supplied internally. First an auxiliary 9 bit 
R-2R ladder is driven by the complement of the DAC’s input 
code. Together, the main and auxiliary ladders draw a continu- 
ous 2.25mA from the internal ground node, regardless of input 
code. Part of this DC current is supplied by the zener voltage 
reference, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 5). 


200 
179 x 107 mils 
510C/W 
169C/W 
Ref. Ground 
Bipolar - DI 


Features 


16 BIT RESOLUTION 
MONOLITHIC DI BIPOLAR CONSTRUCTION 

FAST SETTLING TIME 11s TO .003%FS 
LOW DIFF. NONLIN. DRIFT +0.3ppm/0C 
LOW GAIN DRIFT + 1ppm/oc 
ON-CHIP SPAN & OFFSET RESISTORS 

TTL/5V-CMOS COMPATIBLE 

LOW UNIPOLAR OFFSET <1/2LSB@ +250C 
LOW UNIPOLAR OFFSET T.C. + 0.2ppm/°C 


EXCELLENT STABILITY 
Applications 


@ HIGH RESOLUTION CONTROL SYSTEMS 
@ HIGH FIDELITY AUDIO RECONSTRUCTION 


@ PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 


Pinout 


TOP VIEW 


-Vps — 

CONTROL AMP, -IN 
CONTROL AMP, +IN 
10V SPAN R 
BIPOLAR O/S 
lOUT 
N.C. 
N.C. 
20V SPAN R 


OANA AWN = 


ANALOG GND 
N.C. 

N.C. 

N.C. 

N.C. 

GND TERM 
t5V TERM R 
+10V TERM R 
N.C. 


ni De ) 


~ The HI-DAC16B is monotonic to 15 bits; and the HI-DAC16C to 


to the system ground without degrading converter accuracy. 


Two accuracy grades are offered, and typical power dissipation is 


!-DAC16B/ 
DAC16C 


16-Bit D to A Converter 


The HARRIS HI-DAC16 is a 16-bit, current output D/A converter. 
Single chip construction includes thin-film application resistors 
for use with an external op amp. These permit standard output 
voltage ranges of 0 to +5V, 0 to +10V, $2.5V, t5V and +10V. 


14 bits. 


Reference and span resistors have adjacent placement on the chip- 
for optimum match and thermal tracking. Futhermore, this layout 
feature helps minimize the superposition error caused by self- 
heating of the span resistor, reducing it to less than 1/10LSB. 
This and other design innovations have produced exceptionally 
stable operation over temperature. Typical temperature coefficients 
are + 1ppm/9C for gain error and 0.3ppm/°C for differential non- 
linearity error. 


The internal architecture is an extension of the earlier HI-562' 
with several major improvements. All code dependent ground 


currents are steered ta a separate non-critical path, namely, power 
supply ground. This feature allows the precision ground of the 
converter to be sensed with virtually zero voltage drop referred to 
system ground. The result is the complete elimination of non- 
linearities due to code dependent ground currents while yielding an 


extremely low unipolar offset of less than 1/2LSB. Because of this 
separation, the user may route the precision ground some distance 


The HARRIS HI-DAC!16 delivers a stable, accurate output with- 
out sacrifice in speed. Settling time to within 0.003% is one 
microsecond. Overall performance of this monolithic device should 
be attractive for applications such as high fidelity audio and high- 
resolution control systems. 


465mW. Package is a 40 pin ceramic DIP, For further informa- 
tion, see Application Note 539. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1C handling procedures should be followed. 
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Hi-DAC16B/DAC16C 


11 12 39 BIT 1IN | BIT 16 IN 4 40v 
Vrer ANALOG C) span 
IN. GND +VPS mee 36 35 34 33 32 ae 
& ho G) ° S262 Omen © 


GROUND 


CIRCUIT _ DIGITAL INPUT LEVEL SHIFTERS 
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+10V TERM 
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18 
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Specifications HIl-DAC16B/DAC16C 


O 
Absolute Maximum Ratings (Referred to Ground) © 
bl 
Power Supply Inputs = Vpst+ +20V Junction Temperature 1750C ») 
Vps— —20V Operating Temperature Range To) 
Reference Inputs VReEF (Hi) +Vps oO 
Digital Inputs Bits 1 to 16 -1V,+12V HI-DAC 16B/C 0°C to +75°C _ 
| Q 
Outputs +Vps Storage Temperature Range —65°C to +150°C a 
= 
Electrical Specifications (Ta =+25°C, Vps=+15V, Vref = +10V, unless otherwise specified) 


PARAMETER CONDITIONS 


INPUT CHARACTERISTICS 


Digital Inputs Bit ON “Logic 1” 


Bit OFF “Logic 0” 


Input Voltage 
Logic ‘1 
Logic ‘’0"’ 


Full Temperature Range 


Input Current 
Logic “1” 
Logic “0” 


Reference Input 
Input Resistance 
Input Voltage 
TRANSFER 
CHARACTERISTICS 


Bits 


%FSR(3) 
%FSR 


%FSR 
%FSR 


Resolution Full Temperature Range 


259C 
Full Temperature Range 


Nonlinearity 


+0.0023 + 0.0045 
£0.0045 


£0.003 


250C 
Full Temperature Range 


With 100$2 (1%) Trim Resistors 
All Bits ON 
All Bits OFF 


Differential 
Nonlinearity 


Relative Accuracy (5) 


Unipolar Gain Error 


Bipolar Offset Error 
Unipolar Offset Error 


See Operating Instructions 
Using Trim Potentiometers 
as shown in Figure 1 
Drift specified with internal 
span resistors for voltage output 
Full Temperature Range 


All Bits OFF 
; Full Temperature Range 


All Bits ON-to-OFF or 
OFF-to-ON 


Adjustment Range 


Gain 
Bipolar Offset 


Temperature Stability 


Gain Drift (2) 
Offset Drift (2) 


Unipolar Offset 
Bipolar Offset 


Differential Nonlinearity 


Settling Time (2) 
to £0.003%FS 
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HI-DAC16B/DAC16C 


Specifications HI-DAC16B/DAC16C 


From 0111...1 to 100. 
or 100. ..0 to 011 ae 


Power Supply (2) 
Rejection Ratio, PSRR (3) 
Vpst 


OUTPUT 
CHARACTERISTICS 


Output Current 
Unipolar 
Bipolar 


Output Voltage Ranges — Using external op amp 
and internal scaling 
resistors. See Figure 1 
and Table 1 for connections 


Unipolar 


Bipolar 


Compliance Voltage (2) Full Temperature Range 
0.1 to 5MHz (All bits ON) 


POWER REQUIREMENTS 


Full Temperature Range 


All Bits ON or OFF 
Full Temperature Range 


NOTES: 


1. Absolute: maximum ratings are limiting values, applied 


individually, beyond which the serviceability of the circuit: 


may be impared. Functional operation under any of these 
conditions is not necessarily implied. 


2. See Definitions. 


3. FSR is “full scale range” and is 20V for +10V range, 10V 
for +5V range, etc., or 2mA (+20%) for current output. 
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FSR/% Vps 


4, After 30 seconds warm-up. 


5. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potentiometers 
R1 and R2. Errors are adjustable to zero using Ry and R2 
potentiometers..(See Operating Instructions Figure 2.) 


HI-DAC16B/DAC16C 


Definition of Specifications 


DIGITAL INPUTS 


The HI-DAC 16B/C accepts digital input codes im binary format 


and may be user connected for any one of three binary codes. 
Straight Binary, Two’s Complement, or Offset Binary. (See. 


Operation Instructions). 


DIGITAL 
INPUT 


MSB LSB 


000...000 Zero Zero 
100...000 YFS —FS 
111...111 [+FS —1 LSB Zero — 1 LSB 
011...111 |%FS—1LSB {Zero— 1LSB | +FS—1LSB 


ACCURACY 


INTEGRAL NONLINEARITY — The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to “end-point linearity” for 
D/A converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer charac- 
teristic (codes 00...0 and 11...1). 


DIFFERENTIAL NONLINEARITY — The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A Differential Nonlinearity of 1 LSB or 
less guarantees monotonicity. 


ANALOG OUTPUT 
Straight Offset Two's 
Binary Binary Complement * 


*Invert MSB with external inverter to obtain Two's 
Complement Coding 


DRIFT © 


GAIN DRIFT — The change in full scale analog output over the 


specified temperature range expressed in parts per million of 


MONOTONICITY — The property of a D/A converter’s transfer. ~ 


function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de- 
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 


SETTLING TIME 


Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 
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full scale per °C (ppm of FSR/°C). Gain error is measured with 
respect to +25°C at high (Ty) and low (T,) temperatures. 
Gain drift is calculated for both high (T}y—25°C) and low 
ranges (+25°C—T ) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 


OFFSET: DRIFT — The change in analog output with all bits. 
OFF over: the specified temperature range-expressed in parts. 


per million of full scale range per °C (ppm of FSR/C). Offset 
error is measured with respect to+25°C. at high(Ty) and low 
(Ty) temperatures. Offset Drift is calculated for both high 
(Ty 25°C) and low (+25°C —TL) ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst- 
case drift. | 


POWER SUPPLY SENSITIVITY 


Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in —15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 


COMPLIANCE. 


Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com- 
pliance Limit implies functional operation only and makes no 
claims to accuracy. 


GLITCH 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON—OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011...1 to 100...0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011...1 to 100...0, an 
intermediate state of 000...0 - exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switching will reduce glitches considerably. 
(Calculated as the.product of duration and amplitude.) 
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. Operating Instructions 


UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT 


CONNECTIONS 
FIGURE 1 
BIPOLAR 
OFFSET ie +15¥ 


ADJUST © 
20K22 OFFSET 


100KQ2 
ADJUST 


fc) 


+15V Be OUT 
HA 5130 
Ke SO0KS? Gy OR SIMILAR 
R2 OP AMP 
~15V 
GAIN 
ADJUST 


TABLE 1 


OUTPUT 
RANGE 


UNIPOLAR 
MODE 


0 to +10V 
0 to +5V 


BIPOLAR 
MODE 


*Connect an external 1.1K ohm resistor to ground. 


Other Considerations 


GROUNDS 


The HI-DAC16 has two ground terminals, pin 12 (REF GND) 
and pin 40 (PWR GND). These should not be tied together 
near the package unless that point is also the system signal 
ground to which all returns are connected. (If such a point exists, 
then separate paths are required to pins 12 and 40). 
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UNIPOLAR 


GAIN AND ZERO CALIBRATION 


The HI-DAC16B/C input reference: resistor, bipolar offset 
resistor and span resistors are. optimized for excellent tracking 
over temperature. LASER trimming of the reference circuit 
resistors corrects the unipolar Gain and Offset errors to high 
accuracy. The remaining error can be adjusted with trimming 
potentiometers. The bipolar Gain and. Offset errors are greater 
since the LASER correction is done in the unipolar mode, how- 
ever these too are easily adjusted. Figure 1 illustrates the 
connections for unipolar and bipolar operation. Trimming 
potentiometers Ry, R2, and Rg are required for adjustment. 


UNIPOLAR CALIBRATION 


Offset 
@ Turn all bits OFF (00..0) 
© Adjust R3 for zero volts output 


Gain 
@ Turn all bits ON (11. 1) 
@ Adjust R2 far an output of FS~1LSB 
That is, adjust for: 


9.999847 for +10V range 
4.999924 for +5V range 


BIPOLAR CALIBRATION 


Step 1: Offset | 
Turn all bits OFF (00..0) 
Adjust R1 for an output of 
—10V for + 10V range 
—5V for + 5V range 
—2.5V for + 2.5V range 


Step 2: Gain 
Turn all bits ON (11..1) 
Adjust R9 for FS-1LSB output 
That ts, adjust for: 


9.999695 for +10V range 
4.999847 for + 5V range 
2.499924 for + 2.5V range 


The current through pin 12 is near-zero DC*, but pin 40 carries 
up to 1.75mA of code - dependent current from bits 1, 2, and 3. 
The general rule is to connect pin 12 directly to the system 
signal, or analog ground. Connect pin 40 to the local digital 
or power ground. Then, of course, a single path must connect 
the analog/signal and digital/power grounds. 


HI-DAC16B/DAC16C 


Other Considerations (Continued) 


*Current cancellation is a two-step process in which code- 
dependent variations are eliminated, then the resulting DC 
current is supplied internally. First, an auxiliary 13-bit R-2R 
Ladder is driven by the complement of the DAC’s input code. 
Together the main and auxiliary ladders draw a continuous 
3.25mA from the internal ground node, regardless of input code. 
Part of this DC current is supplied by the zener voltage refer- 
ence, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 12). 


LAYOUT 


Connections to pin 6 (Igyt) on the HI-DAC16 are most 
critical for high speed performance. Output capacitance of the 
DAC is only 10pF, so a small additional capacitance will alter 
the op amp’s stability and affect settling time. Connections to 
pin 6 should be short and few. Component leads should be 
short on the side connecting to pin 6. 


BYPASS CAPACITORS 


Power supply bypass capacitors on the op amp will serve the 
HI—DAC16 also. If no op amp is used, a 0.01uF ceramic capa- 
citor from each supply terminal to pin 40 is sufficient, since 
supply current variations are small. 


THERMAL EFFECTS 


A consideration when using the DAC16 is Temperature Stability. 
In applications where full scale shift could be a problem, the use 
of a heat sink and/or a cooling fan is suggested. This will de- 
crease the magnitude of the total variation by lowering the effec- 
tive thermal resistance between the package and its environment. 
The device should be kept in a stable isothermal environment, 
and a warm-up time consistent with accuracy requirements 
should be provided. 


SELECTING AN OPERATIONAL AMPLIFIER 
The HI-DAC16 is a high resolution, high accuracy DAC. Many 


applications will require an op-amp used as a current-to-voltage. 


converter at the DAC output. (Careful consideration should be 
given the choice of this amplifier as a poor selection can serious- 
ly degrade the inherent qualities of the DAC.) 


The HA-5130 is an excellent choice to maintain high accuracy 
with an average Offset Drift of only 0.4 uV/°C leading to an 
error over temperature of 30 pV (0.0003% FSR fora 10V FS). 
Initial offset and bias current are 10 wV and 3nA respectively, 
while input noise current of 0.2pA/ f Hz. Settling time is 
adequate for most audio applications. (11 pss typ. to 0.1%). 
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COMPOSITE AMPLIFIER 


It is desirable at times to have an output amplifier which 
combines the qualities of those op-amps available to the designer. 
For instance one may wish to combine the excellent front-end 
characteristics of the HA-5130 with the speed of a device such 
as the HA-2540 (tsettie =250ns to 0.1%). In these instances 
there is the option of the composite amplifier. The basic 
configuration is shown in Figure 2. 


COMPOSITE AMPLIFIER 


MP-835 
OR EQUIVALENT 


HI-DAC16 


_-Vps 
HA-5130 
Vg = OVTO+0V 


FIGURE 2 


The composite amplifier may be used to achieve a compromise 
depending on the requirements of a design. Trade-offs in per- 
formance can be made and the following equations apply: 


Offset; VorF = Vorr2 + VoFF1 
A0t 


Bias; IBIAS = Ipias2 + IBiAsi1 


. V 
Gain; -_ = Ay(S) = Ay2(S) [1 + Ay4(S)] 


The amplifier Ag should be of wide bandwidth and fast settling 
time. 


Die Characteristics 


Transistor Count 190 
Die Size: 215 x 125 mils 
Thermal Constants;  @ja 410C/W 

A jc 119C/W 
Tie Substrate to: Analog Ground 
Process: Bipolar - DI 
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HI-DAC80V 
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M HARRIS 


HI-DAC80V 


1 2Bit, Low Cost, 


June 1989 Monolithic Digital to Analog Converter 


Features Pinout 


e DAC 8O0V Alternate Source 

e Monolithic Construction 

e Fast Settling 

e Guaranteed Monotonic 

e Wafer Laser Trimmed 

e Applications Resistors On-Chip 
e On-Board Reference 

© Dielectric Isolation (DI) Process 
e +12V Supply Operation 


TOP VIEW 


(MSB) BIT 1 | 1 | 124] 6.3V REF OUT 


123] GAIN ADJUST 


Applications 


¢ High Speed A/D Converters 
e Precision Instrumentation 

(LSB) BIT 12 [12 
¢ CRT Display Generation 


Description 


The HI-DAC8OV is a monolithic direct replacement for the 
popular DAC80 and AD DAC80. Single chip construction 
along with several design innovations make the 
HI-DAC8OV the optimum choice for low cost, high reliability 
applications. Harris’ unique Dielectric Isolation (Dl) 
processing reduces internal parasitics resulting in fast 
switching times and minimum glitch. On board span 
resistors are provided for good tracking over temperature, 
and are laser trimmed to high accuracy. 


~ Internally the HI-DAC80V eliminates code dependent 


ground currents by routing current from the positive supply 


auxiliary R-2R ladder. This results in a cancellation of 
code dependent ground currents allowing virtually zero 
variation in current through the package common, 
pin 21. 


The HI-DAC80V is available as a voltage output 
device which is guaranteed over the O°C to +75°9C 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient as well as an on 
board operational amplifier. The HI-DAC80V requires 
only two power supplies and will operate in the range of 
+ (11.4V to 16.5V). | 


to the internal ground node, as determined by an 


Functional Block Diagram 


BIT 12 IN 
mr ise 


BIPOLAR REF 
OFFSET IN OUT COMMON +VCC 


GROUND 
CURRENT 
CANCELLATION 
CIRCUIT 


DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 
[Ea [a (ae (eee (Rae DS ie ee ee 


ea ees ee Ee Fea ae US Hee a Fee 

12.6K 
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-VEE 


6.3KQ2 


© 


GAIN 
ADJUST 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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Specifications HI-DAC&80V 


Absolute Maximum Ratings (Note 1) 


Power Supply Inputs +VS ..... ccc cece cece cence ceeees +20V _s Digital Inputs (Bits 1t0 12) .......... cece cece ees -1Vto+Vs 
PM Geach a wien ara Winiek. dia esalh 6% sae Ee ee -20V Max Junction Temperature .......... cece eee ewer eens +175°C 

Reference: Input (Pin 16) ......... cece eee cece eee e eee cens +Vsg Operating Temperature Range ................... 0°C to +75°9C 
Ouipul Dralt< 222005 cars eek ecco oeies 2.5mA Storage Temperature Range .............0085 ~65°C to +150°C 


Electrical Specifications Unless Otherwise Specified, Ta = +25°C, Vs +12V to +15V (Note 5), Pin 16 to Pin 24. 


| Mepacaov-s | DAC80V-5 


DIGITAL INPUT (Note 3) 
+2 +5.5 Volts 
0) +0.8 Volts 
+1/4 +1/2 
+1/2 +3/4 


+0.1 +0.3 
+0.05 +015 


TTL Compatible 
At +1pA 
At-100pA 


Logic Levels 


Logic “1” 


Logic “O” 


ACCURACY (Note 3) 


Linearity Error Full Temperature 


Differential Linearity Error Full Temperature 


Monotonicity Full Temperature 


Gain Error (Notes 2, 4) 
Offset Error (Note 2) 


Full Temperature %FSR 


Full Temperature ESR 


DRIFT (Note 3) 


Total Bipolar Drift (Includes Gain, 


Full Temperature 
Offset and Linearity Drifts.) 


Total Error 


Full Temperature 


%FSR 
%FSR 
PPM/°C 

PPM/°C 
PPM/°C 
PPM/OC 


Unipolar (Note 6) 


Bipolar (Note 6) 


Gain With Internal Reference 


Without Internal Reference 


Unipolar Offset 


Bipolar Offset 


CONVERSION SPEED 


Full Scale Transition all Bits 
ON to OFF or OFF to ON 
to 0.01% of FSR 


Setting Time (Note 3) 
With 10K Feedback 
With 5K Feedback 
For 1 LSB Change 


Slew Rate 
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HI-DAC80V 


Specifications HI-DAC80V 


Electrical Specifications (Continued) Uniess Otherwise Specified, Ta = +25°C, Vg +12V to +15V (Note 5), Pin 16 to Pin 24. 


_ HI-DAC80V-5 | 


ANALOG OUTPUT 


Output Ranges 


Output current 
Output Resistance 
Short Circuit Duration To Common 


INTERNAL REFERENCE 


Output Voltage 

Output Impedence 

External Current 

Tempco of Drift 

POWER SUPPLY SENSITIVITY (Note 3, 5) 


+15V Supply 
-15V Supply 
POWER SUPPLY REQUIREMENTS (Note 5) 
Voltage Range 
| Full Temperature 


-Vs Full Temperature 


Current 


Full Temperature Vg = +15V 
Full Temperature Vg = +15V 


NOTES: 1. Absolute maximum ratings are limiting values applied individually, beyond which the 
serviceability of the circuit may be impaired. Functional operation under any of these 
conditions is not necessarily implied. % 


. Adjustable to zero using external potentiometers. 


2 

3. See definitions. 

4. FSR is “full scale range” and is 20V for +10V range, 10V for +5V range, etc. 
§ 


. The HI-DACS8OV will operate with supply voltages as low as +11.4V. It is recommended that 
output voltage range -10V to +10V not be used if the supply voltages are less than £12.5V. 


6. With Gain and Offset errors adjusted to zero at +25°C. 
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Definitions of Specifications 
Digital Inputs 
The HI-DAC8OV accepts digital input codes in complemen- 


tary binary, complementary offset binary, and complementary 
two’s complement binary. 


ANALOG OUTPUT 


COMPLE- COMPLE- COMPLE- 

MENTARY MENTARY MENTARY 

STRAIGHT OFFSET TWO’S 
BINARY BINARY COMPLEMENT* 


DIGITAL 
INPUT 


MSB...LSB 

000...000 +Full Scale 
100...000 |Mid Scale-1 LSB 
111.111 Zero 
011...111 | +1/2 Full Scale 


-LSB 
+Full Scale 
Zero 
~Full Scale 


+Full Scale 
-1LSB 
-Full Scale 
Zero 


* Invert MSB with external inverter to obtain CTC Coding. 


Settling Time 


That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window of +1/2 
LSB about the final value. The device output is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. Ina 12 bit system +1/2 LSB = +0.012% of FSR. 


Thermal Drift 


Thermal drift is based on measurements at +250C, at high 
(TH) and low (TL) temperatures. Drift calculations are made 
for the high (Ty-25°C) and low (+25°C-T_) ranges, and 
the larger of the two values is given as a specification 
representing worst case drift. 


Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated in parts per million per °C as follows: 


A FSR/A9C 
FSR 

A Offset/A9C 
FSR 

A VreF/APC 


Gain Drift = x 106 


Offset Drift = x 106 


Reference Drift = x 106 


VREF 
Vo/A°C 
FSR 


x 106 


Total Bipolar Drift = 


NOTE: FSR = Full Scale Output Voltage -Zero Scale Output Voltage 


A FSR = FSR (Typ) - FSR (+25°C) 
or FSR (+25°C) - FSR (T,) 
Vo = Steady-state response to any input code. 


Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 


Voltage. Total Bipolar Drift values are calculated, based on 
measurements as explained above. Gain and Offset need 
not be calibrated to zero at +25°C. The specified limits for 
TBD apply for any input code and for any power supply 
setting within the specified operating range. 


Accuracy 


LINEARITY ERROR (Short for “Integral Linearity Error.” 
Also, sometimes called “Integral Nonlinearity’ and 
“Nonlinearity”.)- The maximum deviation of the actual 
transfer characteristic from an ideal straight line. The ideal 
line is positioned according to end-point linearity for D/A 
converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer 
characteristic (codes 00...0 and 11...1). 


DIFFERENTIAL LINEARITY ERROR - The difference be- 
tween one LSB and the output voltage change corresponding 
to any two consecutive codes. A Differential Nonlinearity of 
+1 LSB or less guarantees monotonicity. 


MONOTONICITY - The property of a D/A converter’s transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or 
decreasing) input codes. That is, the only output rosponse 
to a code change is to romain constant, Incroase for 
increasing code, or decrease for decreasing code. 


TOTAL ERROR - The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors must be calibrated to zero at +25°C. Then the 
‘specified limits for Total Error apply for any input code and 
for any temperature within the specified operating range. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-Vs, or +Vg supplies. It is specified under DC conditions 
and expressed as full scale range percent of change 
divided by power supply percent change. 


A Full Scale Range x 100 
P.S.S. = Full Scale Range (Nominal) 
~ AVgx100 
Vs (Nominal) 


Glitch 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half-scale i.e. the major 
carry code transition from 011...1 to 100...0 or vice versa. 
For example, if turn ON is greater than OFF for 011...1 to 
100...0, an intermediate state of 000...0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches con- 
siderably. (Measured as one half the Product of duration 
and amplitude.) 
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HI-DAC80V 


Decoupling and Grounding 


For best accuracy and high frequency performance, the RANGE CONNECTIONS 
grounding and decoupling scheme shown in figure 1 
should be used. Decoupling capacitors should be ) connect 
connected close to the HI-DAC8O0V (preferably to the 
device pins) and should be tantalum or electrolytic 
bypassed with ceramic types for best high frequency noise 


rejection. Unipolar | Oto +5V 
0 to +10V 


Bipolar +2.5V 
+5V 
+10V 


Gain and Offset Calibration 


UNIPOLAR CALIBRATION 


Step 1: Offset — 
Turn all bits OFF (11...1) 
Adjust Ra for zero volts out 


Step 2: Gain 
Turn all bits ON (00...0) 
Adjust Ry for FS-1LSB 


That is: 
4.9988 for 0 to +5V range 
9.9976 for 0 to +10V range 
- FIGURE 1. BIPOLAR CALIBRATION 
Reference Supply Step 1: Offset 
; ; : Turn all bits OFF (11...1) 
An internal 6.3 Volt reference is provided on board the Adjust Ro for Negative FS 
HI-DAC80V. The voltage (pin 24) is accurate to +0.8% and That is: 
must be connected to the reference input (pin 16) for -10V for +10V range 
specified operation. This reference may be used externally, -5V for +5V range 


provided current drain is limited to 2.56mA. An external -2.5V for 2.5 range 
buffer amplifier is recommended if this reference is to be ; 
‘ ei ; a Step 2: Gain 

used to drive other system components. Otherwise, varia- ‘ 

ti in the load dri by th f il Iti : Turn all bits ON (00...0) 

lons in e load driven by the re erence wil result in gain Adjust R for positive FS-1LSB 

variations of the HI-DAC8OV. All gain adjustments should Thatis: 

be made under constant load conditions. +9.9951V for +10V range 
+4,9976V for +5V range 


Output Voltage Ranges +2.4988V for +2.5V range 


~ HI-DAC80V 


This Bipolar procedure adjusts the output range end points. The 
maximum error at zero (half scale) will not exceed the Linearity 
error. See the “Accuracy” specifications. 


10kQ TO 100k2 


FIGURE 2. 
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> 
Die Characteristics = 
z 
Transistor Countincs 6 eeeeueelus wed see teers eee eas: 214 Q 
Di6: SIZE 25) oes eee koi a hee e eee tees 108 x 163 mils ate 
Thermal Impedance; by 
Dig cicaivatakcareaeewnaeno rea eues metas: 79°C/W 
Bjc Ghigo e118: Serratia or teNo' es o:'e4ce ue hel eben rere casei alta, erese ee ey ele! Boe eae 20°C/W 
Tie Substrate to: 2... 0... ct ce ce etc reece Ground 
PIOCESS os Neder eo 0e ee SE ew he's Soa eis Bipolar-D] 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 
HI1-DAC80V-5 0°C to +75°9C 24 Pin Ceramic DIP 
HI3-DAC80V-5 09C to +75°C 24 Pin Plastic DIP 


Note: The Cerargic DIP package will be discontinued in the future and is not recommended for 
new designs. 


NOTICE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/or 
specifications at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. 


For maintenance of performance and reliability, Harris Semiconductor strongly recommends that the “I.C. Handling Procedures”, located in Section 1 of the 
current Analog Products Data Book, be followed closely by any activity involved with I.C. products. 


6-71 


it HARRIS 


HI-DAC85V 


12Bit, Low Cost, 


June 1989 Monolithic Digital to Analog Converter 


HI-DAC85V 


Features 


e DAC 85V Alternate Source 

® Monolithic Construction 

e Fast Settling 

e Guaranteed Monotonic 

e Wafer Laser Trimmed 

e Applications Resistors On-Chip 
® On-Board Reference 

e Dielectric Isolation (Dl) Process 
e +12V Supply Operation 


Applications 


e High Speed A/D Converters 
e Precision Instrumentation 
© CRT Display Generation 


Description 


The HI-DAC8S5V is a monolithic direct replacement for the 
popular DAC85 and AD DAC85 as well as the HI-5685V. 
Single chip construction along with several design innova- 
tions make the HI-DAC85V the optimum choice for low 
cost, high reliability applications. Harris’ unique Dielectric 
Isolation (Dl) processing reduces _ internal 
resulting in fast switching times and minimum glitch. On 


board span resistors are provided for good tracking over . 


temperature, and are laser trimmed to high accuracy. 


Internally the HI-DAC85V eliminates code dependent 


ground currents by routing current from the positive supply: 


to the internal ground node, as determined by an 


Functional Block Diagram 


BIT 1 1N 
(MSB) 


BIPOLAR REF 
OFFSET IN OUT COMMON 


GROUND 


"O 


parasitics © 


Pinout 


HI1-DAC8&5V-4 (PLASTIC DIP) 
TOP VIEW 


(MSB) BIT 1] 1 | 24] 6.aV REF OUT 
GAIN ADJUST 


+ Vg 


20] .£ JUNCTION 

119] 20V RANGE . 

18] 10V RANGE 
BIPOLAR OFFSET ~ 
116] REF INPUT 


(LSB) BIT 12 |12} 


auxiliary R-2R ladder. This results in a cancellation of 
code dependent ground currents allowing virtually zero 
variation in current through the package common, 
pin 21. 


The HI-DAC85V is available as*'a voltage output 
device which is guaranteed over the -25°C to +859C 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient as well as an on 
board operational amplifier. The HI-DAC85V_ requires: 
only two power supplies and will operate in the range of 
+ (11.4V to 16.5V). 


BIT 12 IN’ 
(LSB) 


DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 


CURRENT 
Saco || PANCincuit ee 
CIRCUIT 
© sae ee es i 


12.6K 


ia 


tet ox 


GAIN 
ADJUST 


TERE C 


CONTROL Steg Pd OA too A 
AMP > VV 


Pay ee IP Paes De eee Pe ee Pe ee ee ae Pe ee ee sae 


-VEE 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-DAC&8&5V 


> 

Absolute Maximum Ratings (Note 1) i 
Power Supply Inputs +Vg ......... cece cece ccccccecnce +20V Digital Inputs (Bits 1012)... ... cc ec cece ee eee -1Vto+Vs © 
VE op aviat av eierseuniwoasteed ea ees -20V MaxJunction Temperature. ......... cece eee eee ee eee +175°C <x 

Reference: Input (PIN 16)......... cece cece eee ee een cecees +Vsg Operating Temperature Range ................ -259C to +85°C o) 
OulputDrain sce so So dave eu case eeencueeass 2.5mA Storage Temperature Range ...............6+ -659C to +150°9C =a 


Electrical Specifications Unless Otherwise Specified, Ta = +25°C, Vg +12V to +15V (Note 5), Pin 16 to Pin 24. 


HI- | MeDacasv-4 


DIGITAL INPUT (Note 3) 


Logic Levels TTL Compatible . 
Logic “1” At +1pA +2 +5.5 Volts 
Logic “‘O” At -100pA 6) +0.8 Volts 


ACCURACY (Note 3) 
Integral Linearity Error At +25°C - +1/2 

Full Temperature +1/4 +1/2 
Differential Linearity Error Full Temperature +1/4 +1/2 
Monotonicity Full Temperature Guaranteed 
Gain Error (Notes 2, 4) Full Temperature: Ceramic DIP +0.15 

Plastic DIP +0.2 

Offset Error (Note 2) Full Temperature +0.1 
DRIFT (Note 3) 
Gain - +20 PPM/°C 
Unipolar Offset +1 +3 PPM/°C 
Bipolar Offset +5 +10 PPM/°C 


CONVERSION SPEED 


Setting Time (Note 3) to +0.01% of FSR _ 
With 10K Feedback Full Scale Transition all Bits ys 
With 5K Feedback ON to OFF or OFF to ON us 
For 1 LSB Change ys 


Slew Rate V/us 
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Specifications HI-DAC8&5V 


Electrical Specifications (Continued) Unless Otherwise Specified, Ta = +25°C, Vg +12V to +15V (Note 5), Pin 16 to Pin 24. 


HI-DAC85V-4 | 


PARAMETER 


ANALOG OUTPUT 


Output Ranges 


Output current 


Output Resistance 


Short Circuit Duration To Common 


INTERNAL REFERENCE 
Output Voltage 
Output Impedence 
External Current _ 


Tempco of Drift 


POWER SUPPLY SENSITIVITY (Note 3, 5) 


0.001 
0.001 


POWER SUPPLY REQUIREMENTS (Note 5) 


+15V Supply 
-15V Supply 


Voltage Range 
Full Temperature 


Full Temperature 


Full Temperature 


Full Temperature 


NOTES: 1. Absolute maximum ratings are limiting values applied individually, beyond which the 
serviceability of the circuit may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 


. Adjustable to zero using external potentiometers. 
. See definitions. 


. FSR is “full scale range”. and_is 20V for +10V range, 10V for +5V range, etc. 


a &» © N 


. The HI-DAC8S5V will operate with supply voltages as low as +11.4V. It is recommended that 
output voltage range -10V to +10V not be used if the supply voltages are less than +12.5V. 


6. With Gain and Offset errors adjusted to zero at +25°C. 
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Definitions of Specifications 
Digital Inputs 


The HI-DAC85V accepts digital input codes in complemen- 
tary binary, complementary offset binary, and complementary 
two’s complement binary. 


ANALOG OUTPUT 


COMPLE- COMPLE- COMPLE- 

MENTARY MENTARY MENTARY 

STRAIGHT OFFSET TWO’S 
BINARY BINARY COMPLEMENT* 


DIGITAL 


-LSB 
+Full Scale 
Zero 
-Full Scale 


+Full Scale 
-1 LSB 
~Full Scale 
Zero 


+Full Scale 
100...000 | Mid Scale-1 LSB 


111...111 
O11...111 


Zero 
+1/2 Full Scale 


* Invert MSB with external inverter to obtain CTC Coding. 


Settling Time 


That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window of +1/2 
LSB about the final value. The device output is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. In a 12 bit system +1/2 LSB = +0.012% of FSR. 


Thermal Drift 


Thermal drift is based on measurements at +25°C, at high 
(TH) and low (TL) temperatures. Drift calculations are made 
for the high (TH-25°9C) and low (+25°C-T,) ranges, and 
the larger of the two values is given as a specification 
representing worst case drift. 


Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated in parts per million per °C as follows: 


A FSR/A°C 
FSR 

A Offset/A°C 
FSR 

A VREF/A°C 


Gain Drift = x 106 


Offset Drift = x 106 


Reference Drift = x 106 


VREF 
Vo/A°C 
FSR 


Total Bipolar Drift = x 106 


NOTE: FSR = Full Scale Output Voltage -Zero Scale Output Voltage 


A FSR = FSR (Ty) - FSR (+25°C) 
or FSR (+25°C) - FSR (TL) 
Vo = Steady-state response to any input code. 


Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 


Voltage. Total Bipolar Drift values are calculated, based on 
measurements as explained above. Gain and Offset need 
not be calibrated to zero at +25°9C. The specified limits for 
TBD apply for any input code and for any power supply 
setting within the specified operating range. 


Accuracy 


LINEARITY ERROR (Short for “Integral Linearity Error.” 
Also, sometimes called ‘Integral Nonlinearity” and 
“Nonlinearity’”.)- The maximum deviation of the actual 
transfer characteristic from an ideal straight line. The ideal 
line is positioned according to end-point linearity for D/A 
converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer 
characteristic (codes 00...0 and 11...1). 


DIFFERENTIAL LINEARITY ERROR - The difference be- 
tween one LSB and the output voltage change corresponding 
to any two consecutive codes. A Differential Nonlinearity of 
+1 LSB or less guarantees monotonicity. 


MONOTONICITY - The property of a D/A converter’s transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or 
decreasing) input codes. That is, tho only output response 
to a code change is to remain constant, Increase for 
increasing code, or decrease for decreasing code. 


TOTAL ERROR - The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors must be calibrated to zero at +25°9C. Then the 
specified limits for Total Error apply for any input code and 
for any temperature within the specified operating range. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-Vs, or +Vs supplies. It is specified under DC conditions 
and expressed as full scale range percent of change 
divided by power supply percent change. 


A Full Scale Range x 100 
P.S.S. = Full Scale Range (Nominal) 
A Vs x 100 
Vg (Nominal) 


Glitch 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half-scale i.e. the major 
carry code transition from 011...1 to 100...0 or vice versa. 
For example, if turn ON is greater than OFF for 011...1 to 
100...0, an intermediate state of 000...0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches con- 
siderably. (Measured as one half the Product of duration 
and amplitude.) 
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HI-DAC8&5V 


Decoupling and Grounding 


For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in figure 1 
should be used. Decoupling capacitors should be 
connected close to the HI-DAC85V (preferably to the 
device pins) and should be tantalum or electrolytic 
bypassed with ceramic types for best high frequency noise 
rejection. 


FIGURE 1. 


Reference Supply 


An internal 6.3 Volt reference is provided on board the 
HI-DAC85V. The voltage (pin 24) is accurate to +0.8% and 
must be connected to the reference input (pin 16) for 
specified operation. This reference may be used externally, 
provided current drain is limited to 2.5mA. An external 
buffer amplifier is recommended if this reference is to be 
used to drive other system components. Otherwise, varia- 
tions in the load driven by the reference will result in gain 
variations of the HI-DAC85vV. All gain adjustments should 
be made under constant load conditions. 


Output Voltage Ranges 


HI-DAC85V 


R2 


Vs 
JOkN TO 100kS% 


“Vs: 
10k2Q TO 100k 82 


FIGURE 2. 


RANGE CONNECTIONS 


CONN CONNECT 


Oto +5V 
Oto +10V 


Bipolar +2.5V 
+5V 


Gain and Offset Calibration 


UNIPOLAR CALIBRATION 


Offset 
Turn all bits OFF (11...1) 
Adjust Ro for zero voits out 


Step 1: 


Gain 
Turn all bits ON (00...0) 
Adjust R for FS-1LSB 
That is: 
4.9988 for 0 to +5V range 
9.9976 for 0 to +10V range 


BIPOLAR CALIBRATION 


Step 1: Offset 
Turn all bits OFF (11...1) 


Step 2: 


Adjust Ro for Negative FS 
- That is: 
~10V for +10V range 
-5V for +5V range 
~2.5V for +2.5 range 


Gain 
Turn all bits ON (00...0) 
Adjust Ry for positive FS-1LSB 
That is: 
+9.9951V for +10V range 
+4.9976V for +5V range 
+2.4988V for +2.5V range 


Step 2: 


This Bipolar procedure adjusts the output range end points. The 
maximum error at zero (half scale) will not exceed the Linearity 
error. See the “Accuracy” specifications. 
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HI-DAC8&5V 


> 
Die Characteristics ah 
q 
TrANSISton COUNE sisi atin aan cect ae we ese sep Dire veya 214 Q 
Die SIZ ds tac saa tesco cuore ee eae es 108 x 163 mils ane 
Thermal Impedance; _ 
Ola ias ature tie andhiapieuasatsesan see w ates 79°C/W 
jc fa io sore ta 6 as BOW eo lace Whe: Sees ode te 1a 6G, Oe ee Soe Sew ES 20°C/W 
Tie Substrate tok. ...be0s28s Sia weer awe a eee bk Ground 


PIOGOSS aged cds ade aed so eS ee NA Bipolar-Dl 


Ordering Information 


HI1-DAC85V-4 -259C to +859C 24-Pin Plastic DIP 


HI3-DAC85V-4 -259C to +859C 24-Pin Plastic DIP 
HI3-DAC85V-9 -40°C to +85°9C 24-Pin Plastic DIP 


NOTES: The HI-DAC8S5V are now available in plastic DIP packages. 
The ceramic DIP package will be discontinued in the future and is 
not recommended for new designs. 
Below is the ordering information for plastic packages. 
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ICL7121 


wm 


om RIS 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The ICL7121 achieves 0.003% linearity without laser trim- 
ming by combining a four quadrant multiplying DAC using 
thin film resistors with an on-chip PROM-controlled correc- 
tion circuit. Silicon-gate CMOS circuitry keeps the power 
dissipation very low. 


Microprocessor bus interfacing is eased using standard 
memory WRite cycle timing and control. The input buffer 
register is loaded with the 16-bit input and directly controls 
the output switches. The register is transparent if WR and 
CS are held low. 


The ICL7121 is designed and programmed for bipolar 
operation. There is an offset resistor to the output which should 
be connected to -Vp_er and an inverter on the MSB line, giving 
the DAC a 2’s complement bipolar transfer function. Two extra 
resistors are included on the chip to facilitate the reference in- 
version, so that only an external op amp is needed. 


ORDERING INFORMATION 


ICL7121JNCJI 0°C to + 70°C 
ICL7121JMJI —55°C to + 125°C 
ICL7121KCJI 0°C to + 70°C 
ICL7121KMuUJI —55°C to + 125°C 
ICL7124LCJI 0°C to + 70°C 
ICL7121LMuJl — 55°C to + 125°C 


S1a———-Sa 
a 


LSB 


ICL7121 

16-Bit Multiplying 
Microprocessor-Compatible 
D/A Converter 


FEATURES 
® 16-Bit Resolution 
® Low Integral Linearity Error—0.003% FSR 


® Monotonic to 16 Bits Over Full Military Temperature 
Range (LM Grade) 


© Microprocessor Compatible with Buffered Inputs 

® Bipolar Application Requires No External Resistors 
® Output Current Settling Time 3 .s Max (1 ps Typ) 
® Low Linearity and Gain Temperature Coefficients 
® Low Power Dissipation (25 mW) 

® Full Four-Quadrant Multiplication 

® Low Differential Nonlinearity Error at Bipolar Zero 


OO0O000 0 0 OC 
Ds e © © © @ © Dis 


Figure 1: 1CL7121 Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


301660-005 


ICL7121 

ABSOLUTE MAXIMUM RATINGS | (Note 1) 
Supply Voltage Vt toDGND .............. —0.3V to 7.5V 
Vrer. Ross, Rinv.Reg toDGND .................. +25V 
Current in AGNDg, AGNDs .............. 00.2000 25mA 
DN; WR, CS, PROG, lout: 

AGNDr, AGNDs................ —0.3V to (V+ + 0.3V) 
Operating Temperature 

lO TA ZIG ce ora ek eae AERA R 0°C to + 70°C 

IGE 712 UM ivet 5 bs edstet ead Rep wheaeee — 55°C to + 125°C 
Storage Temperature ................. —65°C to + 150°C erie 
Power Dissipation (Note 2)...................00. 500 mW 

derate above 70°C @ 10 mW/°C 
Lead Temperature (soldering, 10 sec).............. 300°C 


NOTE 1: All voltages with respect to DGND. 
2: Assumes all leads soldered or welded to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Figure 2: Pin Configuration 
(Outline Dwg. Jl) 


ELECTRICAL CHARACTERISTICS 
Vt = +5V, Veer = +5V, Ta = +25°C, AGND = DGND, Ioyt at ground potential, unless otherwise specified 


as Limits 
Parameter Test Conditions/Comments 


DC ACCURACY 


Resolution Ce 


Guaranteed by DLE Test 


Monotonicity 


(Note 3) 


a 

Eas 

Le 

aa oriaeel 

ae 

ee 

Operating Temperature Range eT ae 
cemed == 
kG 


Differential Linearity Error 
- at Bipolar Zero 


= 


er 


Differential Linearity Error 
DLE 


Ta = = +25°C 


+ 0.003 
+ 0.003 
—0.0015 
+0.006 %FSR 
+ 0.0045 
— 0.003 
+ 0.0045 
—0.0015 

+0.003 + 0.006 

+0.0015 + 0.003 

+ 0.006 + 0.009 %FSR 

+0,.003 + 0.006 

+0.0015 +0.003 

ae 


Operating Temperature Range 


= 
PKL 
ies 
KM 


Integral Linearity Error 
ILE 


Operating Temperature Range 


LM 


| 16 | 
Pod 
ee 
bel 
re 
| 
_ 
en ae 
ai 
Ee 
be 
4 
ae 
ei 
Rees 


Integral Linearity Error aa 
Temperature Coefficient PKL 


NOTE: All typical values have been characterized but are not tested. 
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1CL7121 


ICL7121 


ELECTRICAL CHARACTERISTICS (Continued) | 
Vt = +5V, Vace = +5V, Ta = +25°C, AGND = DGND, lout at ground potential, unless. otherwise specified 


Test Conditions/Comments Limits 


DC ACCURACY (Continued) 
Unadjusted Gain Error 


Operating Temperature Range 
| 
Unadjusted Gain Error (Note 4) 
Temperature Coefficient K 


AC ACCURACY 


Power Supply Rejection AV+ = 5V +10%, Ta = +25°C 


Operating Temperature Range 


Output Current Settling Time To 1% LSB, (Note 4) 


REFERENCE INPUT 
[InputResistance | louratGround = CT | | TK 

ANALOG OUTPUT | 

Output Capacitance DAC Register Outputs All LOW 

(lout Terminal) DAC Register Outputs All HIGH 

DIGITAL INPUTS 


LOW State Threshold Operating Temperature Range 
HIGH State Threshold 


Inputs between DGND to Vt 


Supply Current Ta = +25°C 
(Excluding Ladder Network) Digital Inputs HIGH or LOW 


Operating Temperature Range 
Digital Inputs HIGH or LOW 


NOTES 3: Military temperature range parts are also tested to stated limits at — 55°C and + 125°C. 
4: Guaranteed by characterization but not tested on a production basis. 
5: Guaranteed by PSRR test. 
6: Refer to Figure 4. Measured at output of amplifier A1 (A1 having zero offset). Vacer = +5V. Adjustable to zero with external potentiometer. 


SWITCHING CHARACTERISTICS V+ = +5V,Ta = + 25°C; see Timing Diagram, Figure 3 (Note 4) 


Chip Select-WRite Set-Up Time 


Chip Select-WRite Hold Time 


WRite Pulse Width Low 
Data-WRite Set-Up Time 


' NOTE: All typical values have been characterized but are not tested. 
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Least Significant Bit 


Input 
Data 
Bits 


(HIGH = True) 


Most Significant Bit 

Used for programming only. Tie to + 5V for 
normal operation. 

Vref input to ladder. 

Summing node for inverting amplifier. 
Bipolar offset resistor, to — Vref. 
Feedback resistor for voltage output 
applications. 


current from internal Analog GrouND 
connections. 


for external circuitry. Pin should carry minimal 
current. 

Current output pin. 

Positive supply voltage. 

Chip Select. Active low. Enables writing to 
register. 

WRite input. Active low. Writes into register. 
Equivalent to CS. 


DEFINITION OF TERMS 


INTEGRAL LINEARITY ERROR: Error contributed by devi- 
ation of the DAC transfer function from a “‘best straight line”’ 
through the actual plot of transfer function. Normally ex- 
pressed as a percentage of full scale range or in 
(sub)multiples of 1 LSB. 


NOTE: All typical values have been characterized but are not tested. 
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DIFFERENTIAL LINEARITY ERROR: The difference be- 
tween ideal and actual value of the analog output “step 
size” for any two adjacent digital input code. The ideal “step 
size” is equal to 2— of full scale for an n-bit DAC or 1 LSB. 
It is expressed in (sub)multiples of 1 LSB. 


RESOLUTION: It is addressing the smallest distinct analog. 


output change that a D/A converter can produce. It is com- 
monly expressed as the number of converter bits. A con- 
verter with resolution of n bits can resolve output changes 
of 2—" of the full-scale range, e.g., 2—" Vref for a unipolar 
conversion. Resolution by no means implies linearity: 


SETTLING TIME: Time required for the output of a DAC to 


settle to within a specified error band around its final value - 


(e.g., 1% LSB) for a given digital input change, i.e.,.all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an- 
alog output values at full-scale range, i.c., all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 


OUTPUT CAPACITANCE: Capacitance from loyt terminal 
to ground. 


DETAILED DESCRIPTION 


The 1CL7121 consists of a 16-bit primary DAC, PROM 
controlled correction DACs, input buffer registers, and mi- 
croprocessor interface logic. The 16-bit primary DAC is an 
R-2R thin film resistor ladder with N-channel MOS SPDT 
current steering switches. Precise balancing of the switch 
resistances and all other resistors in the ladder results in 
excellent temperature stability. 


The low linearity error is acheived by programming a 
floating polysilicon gate PROM array which controls a 12-bit 
correction DAC (C-DAC). The most significant bits of the 
primary DAC register address this PROM array. Thus for 
every combination of the- primary DAC’s most significant 
bits a different C-DAC code is selected, allowing correction 
of superposition errors. These errors are caused by bit inter- 
action on the primary ladder’s current bus and by voltage 
non-linearity in the feedback resistor. Superposition errors 
cannot be corrected by any method that corrects individual 
bits only, such as laser trimming. 


The onboard PROM also controls the 6-bit gain DAC. The 
G-DAC reduces gain error to less than 0.006% FSR by di- 
verting to analog ground up to 2% of the current flowing in 
Rep. 

Since the PROM programming occurs in packaged form, 
it corrects for resistor shifts caused by the thermal stresses 
of packaging, unlike wafer-level trimming methods. Also, 
since the thin film resistors do not suffer laser trimming 
stresses, no degradation of time-stability results. . 


ICL7121 


ICL7121 


ICL7121 


APPLICATIONS 
Table 2. 2’s Complement Bipolar Operation 


Bipolar Operation ———— a 
_ The circuit diagram for the normal configuration of the | Digitalinput_ igital Inpu | Analog Output | 


ICL7121 is shown in Figure 4. The positive and negative MSB LSB 

reference voltages allow full four-quadrant multiplication. 0111 1111 —Vrer (1 — 1/215) 

Amplifier A3, together with the internal resistors Rijy; and 0111 1110 | —Vper (1 — 1/214) 

Rinv2, forms a simple voltage inverter circuit to generate “| 0000 0001 | —Vprer (1/215) 

—Vre_r for the Rogs offset input pin. This will give the nomi- 0000 0000 | 0 

nal “digital input code/analog output value”’ relationship of 1111 1111 + Vrer (1/215) 

Table 2. Note that the value of Rep is equal to 2R so full — 1000 0010 | +Vper (1 — 1/214) 

scale range is 2Vper. 1000 0001 +Vper (1 — 1/215) 
The offset binary transfer function can be achieved bbe : SOS i UaEr . 

simply by inverting the MSB. Inversion of the MSB can be Amplifier Az is the output amplifier. An additional amplifier 


done by an inverter or may be done in software. Az may be used to force AGNDg if the ground reference 
point is established elsewhere than at the DAC, as in Figure 


DATA 
INPUTS era 


DATA 
INPUTS ICL7121 


Figure 5: Bipolar Operation with Forced Ground 


NOTE: All typical values have been characterized but are not tested. 


6-82 


A feedback compensation capacitor, Cr, improves the 
settling time by reducing ringing. This capacitor is normally 
in the 10 pF-—40 pF range, depending on layout and the 
output amplifier selected. If Ce is too small, ringing or oscil- 
lation can occur when using an op amp with a high gain- 
bandwidth. If Cr is too large, the response of the output 
amplifier will be overdamped and will settle slowly. 


The input circuits of some high speed op amps will sink 
large currents to their negative supply during power up and 
power down. The Schottky diode at loyt limits any nega- 
tive-going transitions to less than —0.4V, avoiding the SCR 
latchup which could result if significant current was injected 
into the parasitic diode between Ioyt and DGND of the 
ICL7121. This diode is not needed when using the ICL7650 
ultra low Vos op amp. 


Digital Interface 


The ICL7121 has a 16-bit latch onboard and can interface 
directly to a 16-bit data bus. As shown in Figure 6, external 
latches or peripheral ICs can be used to interface to an 8-bit 
data bus. To ensure that the data is written into the onboard 
latch, the data must be valid 200 ns before the rising edge 
of WR. If WR and CS are both low, the onboard latch is 
transparent and the input data is directly applied to the in- 
ternal R-2R ladder switches. While this simplifies interfacing 
in non-microprocessor systems, having WR low before data 
is valid may cause additional glitches in some microproces- 
sor systems. To avoid these glitches, data must be valid at 
the time WR goes low. 


2 LINE TO 4 LINE DECODER 


ADDRESS BUS f SELECT 


LOGIC 


8-BIT DATA BUS 


ICL7121 


All digital interfaces can suffer from capacitive coupling 
between the digital lines and the analog section. There are 
two general precautions that will reduce this capacitive cou- 
pling problem: 1) reduce stray capacitance between digital 
lines and analog lines; and 2) reduce the number of tran- 
sitions on the digital inputs. Careful board layout and shield- 
ing can minimize the capacitive coupling (see Figure 8). The 
activity on the digital input lines can be reduced by using 
external latches or peripheral interface ICs between the mi- 
croprocessor bus and the !CL7121. This will reduce the 
number of transitions on the digital data and control lines of 
the ICL7121, thereby reducing the amount of digital noise 
coupled into sensitive analog sections. 


OPERATIONAL AMPLIFIER SECTION 


The input offset voltage, input current, gain, and band- 
width of the op amps used affect the circuit performance. 
Since the output impedance of loyt varies with the digital 
input code, the input current of amplifier A; will cause a 
code-dependent error at Vout, degrading the linearity. The 
input bias current should be significantly less than 1 LSB 
current, which is about 10 nA. In a similar manner, any off- 
set voltage in A; will also cause linearity errors. The offset 
voltage of the output amplifier should be significantly less 
than 1 LSB (153 pV at Veer = 5V). 


Figure 6: Interface to 8-Bit Microprocessor 


NOTE: All typical values have been characterized but are not tested. 
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The voltage output settling time is highly dependent on 
the slew rate and gain-bandwidth of Aj, so for high speed 
operation a high speed op amp such as the HA2600 is rec- 
ommended. For applications where high speed is not re- 
quired, the ICL7650 or ICL7652 can be used for Aj. Since 
the ICL7650/52 offset voltage is less than 5 pV, no offset 
trimming is needed. To get a full 5V output swing from these 
op amps, +7.5V supplies should be used for the ICL7650/ 
52. 


Amplifier A3, which is used to generate the inverted refer- 
ence, needs only to have a stable offset and to be able to 
drive a 3 kQ. load. Since this is strictly a DC amplifier, the 
low noise ICL7652 is an ideal choice. Any variation in the 
offset voltage of Ag will result in a drift in the bipolar zero, 
but will not affect the linearity of the ICL7121. 


Amplifier Ao, used to generate a high quality ground, also 
needs a low offset and the ability to sink up to 2 mA. 


MULTIPLYING MODE PERFORMANCE 


While the ICL7121 can perform full four-quadrant multipli- 
cation, full 0.003% linearity is guaranteed only at Veer = 
+5V. This is because the voltage coefficient of resistance 
of the R-2R ladder and the feedback resistor are significant 
at the 14- or 16-bit level. This effect is most significant at 
higher voltages, and adds errors on the order of 0.01% fora 
+ 10V full-scale. While the ICL7121 is tested and specified 
for Vagr = +5V, the R-2R ladder has the same voltage 
across it when Vpage = —S5V. Therefore, voltage coeffi- 
cients do not add any error with a — 5V reference voltage. 


GROUND LOOPS 


Careful consideration must be given to ground loops in 
any high accuracy system. The current into the analog 
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ow 
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a. Printed Circuit Side of Board 


ANALOG 
AGND Ground 


OUT 


ICL7121 


ground point inside the chip varies significantly with the in- 
put code value, and the inevitable resistances between this 
point and any external connection point can lead to signifi- 
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the IC: AGNDs and 
AGNDr. The varying current should be absorbed through 
the AGNDr pin, and the AGNDs pin will then accurately 
reflect the voltage on the internal current summing point, as 
shown in Figure 7. Output signals should ideally be refer- 
enced to the sense pin AGNDg, as shown in the application 
Circuits. 


TRUE O/P NODE 
KV 


_ sn 
LEAD 


een RESISTANCE 


(ee GROUND TO 
| 10 AGNDs REMAINDER 


© 
LEAD - OF ANALOG 
RESISTANCE SYSTEM 


IGnND 


C-DAC AGNDrF 
O 


TRUE ANALOG 
GROUND POINT 


LEAD 
RESISTANCE = 
0081-7 
Figure 7: Eliminating Ground Loops 


b. Top Side with Component Placement 


Figure 8: Printed Circuit Board Layout (Single Sided Board) 


NOTE: All typical values have been characterized but are not tested. 
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ULE semiconductor 


14-Bit Multiplying ».P-Compatible 


GENERAL DESCRIPTION 


The ICL7134 combines a four-quadrant multiplying DAC 
using thin film resistor and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve true 14-bit lin- 
earity without laser trimming. 


Microprocessor bus interfacing is eased using standard 
memory WRite cycle timing and control signal use. Two in- 
put buffer registers are separately loaded with the 8 least 
significant bits (LS register) and the 6 most significant bits 
(MS register). Their contents are then transferred to the 14- 
bit DAC register, which controls the current switches. The 
DAC register can also be loaded directly from the data in- 
puts, in which case the MS and LS registers are transpar- 
ent. 


The ICL7134 is available in two versions. The ICL7134U 
is programmed for unipolar operation while the 1CL7134B is 
programmed for bipolar applications. The Vrer input to the 
most significant bit of the DAC is separated from the refer- 
ence input to the remainder of the ladder. For unipolar use, 
the two reference inputs are tied together, while for bipolar 
operation, the polarity of the MSB reference is reversed, 
giving the DAC a true 2’s complement input transfer func- 
tion. Two resistors which facilitate the reference inversion 
are included on the chip, so only an external op-amp is 
needed. The PROM is coded to correct for errors in these 
resistors as well as the inversion of the MSB. 


ORDERING INFORMATION 


Non-Linearity 


ICL7134 


ICL7134 


D/A Converter 


FEATURES 
© 14-Bit Linearity (0.003% FSR) 
© No Gain Adjustment Necessary 


® Microprocessor-Compatible With Double Buffered 
Inputs 


® Bipolar Application Requires No Extra Adjustments 
or External Resistors 


® Low Linearity and Gain Temperature Coefficients 
© Low Power Dissipation 

® Full Four-Quadrant Multiplication 

* 883B Processed Versions Available 


1CL7134 


0341-1 
Figure 1: Pin Configuration (Outline dwg Jl) 


Temperature Range 


alee 0°C to +70°C —25°C to + 85°C —55°C to + 125°C 


Bipolar Versions 
0.01% (12-bit) 
0.006% (13-bit) 
0.003% (14-bit) 


ICL7134BJCJI 
ICL7134BKCJI 
ICL7134BLCJI 


Unipolar Versions 


0.01% (12-bit) ICL7134UJCUJI 
0.006% (13-bit) ICL7134UKCUJI 


0.003% (14-bit) ICL7134ULCUJI 
PACKAGE: 28-pin CERDIP only 


ICL7134BJMuI 
ICL7134BKMUJI 
ICL7134BLMuJI 


ICL7134BJlJI 
ICL7134BKlJI 
ICL7134BLIJI 


ICL7134UJMuJl 
ICL7134UKMuUJI 
ICL7134ULMuJI 


ICL7134UJlJI 
ICL7134UKIJI 
ICL7134ULIJI 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


... NOTE: All typical values have.been characterized but are not tested. ._. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage (Vt toDGND) ............ —0.3V to 7.5V Operating Temperature Range 
VreL., Vaem, Riny, Reg toDGND ................. +15V ISL TS4NKG a wade yeast aneeetieeseeses 0°C to + 70°C 
lout, AGNDr, AGNDs .................--- —0.1V to Vt. GLIA is Sosctiet Diesen a atte are — 25°C to + 85°C 
Currentin AGNDs, AGNDr .............-..-.005- 25mA ICL7134XXM_ .... eee eee ee eee — 55°C to + 125°C 
An, Dn, WR, CS, PROG ............. —0.3V to V+ +0.3V Storage Temperature Range .......... — 65°C to + 150°C 
Power Dissipation (Note 2) ..................04- 500mW 
Derate Linearly Above 70°C @ 10mW/°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


Note 1: Ail voltages with respect to DGND. 
Note 2: Assumes all leads soldered or welded to printed circuit board. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings”’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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14-BIT DAC REGISTER 
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Figure 2: 1CL7134 Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
(vt = +5V, Vrer = +10V, Ta = +25°C, AGND = DGND, Iour at ground potential, unless otherwise specified.) 


DC ACCURACY 


_ 
Gain Error (Notes 1 and 2) 
Figure 4 


Gain Error (Note 3) 

Temperature Coefficient 

Output Leakage Current Ta = +25°C 

(lour Terminal) Operating Temperature Range 


ICL7134 


Bits 


+0.012 % FSR 


+ 0.006 


[+ 
Oo 
ro) 
Rh 
PN 


I+ | 
oO 


al 
ro) 
) 
=| 
> 


ppm/month | 
AC ACCURACY 
Power Supply Rejection AV+ = +10%, Figure 5 _ +10 
Ta = +25°C ppm/V 
| Operating TemperatureRange | | 150 
Feedthrough Error « VREF = 20 Vp_p, 10 kHz a ae 250 Lod die 
Sinewave, Figure 6 ae 500 ay 
[output urentSoting Tine | Tomise few? st it 


i 
n 


Output Noise Equivalent to Johnson Noise of 7 kN. Resistor, Typical 


REFERENCE INPUT 


Input Resistance VrFL = VReM, 4 7 10 ka 
lout at Ground 
ANALOG OUTPUT 


Output Capacitance DAC Register Outputs All LOW Ff too | oF 
dour desnina) DAC Register Outputs AIHIGH | | 235 | | 


DIGITAL INPUTS 


ae ee a 
Te] > | 
T inputcurent | Tputsbetweon bGNDtiove || 

input Capactance (| Woes) Sid 


POWER SUPPLY 


Supply Voltage Range Functional Operation, (Note 4) fas | | 60 | vi | 


Supply Current Excluding Ladder Network 10 25 mA 
(Note 5) 


NOTE: Alf typical values have been characterized but are not tested. 
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| Data-WRite Hold Time (Note 3) fe Oe 


1CL7134 


ELECTRICAL CHARACTERISTICS (vt = +5V, Vace = +10V, Ta = +25°C, AGND = DGND, Igy7 at 


ground potential, unless otherwise specified.) (Continued) 


Test Conditions/Comments 


DC ACCURACY 


Non-Linearity : (Notes 1 and 2) 
Figure 4 


Non-Linearity Operating Temperature Range 
Temperature Coefficient (Note 3) 


NOTES 1: Full-Scale Range (FSR) is 10V for unipolar mode, 20V (+10V) for bipolar mode. 
2: Using internal feedback and reference inverting resistors. 
3: Guaranteed by design, not production tested. 
4: Gain error tested to 0.040% FSR. Specifications are not guaranteed. 
5: DO-D13 connected to 2.4V. 


SWITCHING CHARACTERISTICS (v+ =5v, Ta=25°C, see Timing Diagram) 


| Parameter | TestConditions | Min 

| taws | Address-WRiteSetUpTime | 

| tawn | Address-WRite Hold Time | _(Note3)_—— | 

| tows | Chip Select WRite Set-Up Time | (Notes) | 
| 200 | 


150 
( 

Chip Select-WRite Hold Time (Note 3) 

WRite Pulse Width Low p20 

Data-WRite Set-Up Time p20 
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MS DATA MS DATA LS DATA LS DATA LS AND MS DATA 
LATCH ENABLED LATCHED LATCH ENABLED LATCHED TRANSFERRED TO DAC 


Figure 3B: ICL7134 Timing 


0341-22 


NOTE: All typical values have been characterized but are not tested. 
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DEFINITION OF TERMS 


NONLINEARITY: Error contributed by deviation of the DAC 

‘transfer function from a straight line through the end points 
of the actual. plot of transfer function. Normally expressed 
as a percentage of full scale range or in (sub)multiples of 1 
LSB. 


RESOLUTION: It is addressing the smallest distinct analog 
output change that a D/A converter can produce. It is com- 
monly expressed as the number of converter bits. A con- 
verter with resolution of n bits can resolve output changes 
of 2— of the full-scale range, e.g., 2~ "Vpe_er for a unipolar 
conversion. Resolution by no means implies linearity. 
SETTLING TIME: Time required for the output of a DAC to 
settle to within specified error band around its final value 
(e.g., Y%2 LSB) for a given digital input change, i.e., all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an- 
alog output values at full-scale range, i.e., all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 

FEEDTHROUGH ERROR: Error caused by capacitive cou- 
“pling from Vr_er to Iout with all digital inputs LOW. 
OUTPUT CAPACITANCE: Capacitance from Ioyt terminal 
to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
lout terminal when all DAC register outputs are LOW. 


NOTE: All typical values have been characterized but are not tested. 
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Table 1: Pin Descriptions 


Chip Select (active low). 
Enables register write. 
) 


WRite, (active low). Writes in register. 
Equivalent to CS. 


Least significant 


i) 
< 
I 
ey 
<3 


hb GS 

2 | WR 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 

Bit 10 
Bit 11 
Bit 12 


Bit 13 


Used for programming only. Tie to + 5V 
for normal operation. 


Vree for lower bits. 


Input 


Data 
Bits 
(High = True) 


os 


Most significant. 


= 
ioe) 


O0O;O;}0);0 O O}O;O0}0;0 
ae oc N oo ts jo Im ja 


PROG 


Vrer for MSB only (bipolar). 


Feedback resistor for voltage output 
applications. 
Digital GrouND return. 


Analog GrouND force lines. Use to 
carry current from internal Analog 
GrouND connections. Tied internally to 
AGNDs. 


Analog GrouND sense line. Reference 
point for external circuitry. Pin should 

carry minimal current; tied internally to 
AGNDe. 


21 


O 


os > D 
© w 
O 
a 


22 GND 


23 


24 | AGNDs 


OUT 


pl< 
>] + 


Registers Select Lines 


8 


> 
ro) 


Summing node for reference inverting. | 
amplifier. 


ICL7134 


ICL7134 


ICL7134 


Rep 


—14-BIT lour 
BINARY ICL7134U 
COUNTER 


LINEARITY 
ERROR 
x 100 


16-BiT 
REFERENCE. 
DAC 


Figure 4: Non-Linearity Test Circuit 


UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz 2Vp-p 


VaeF + 10V 
(ADJUST FOR 


Verror = 0Vpc) 


VaFe VReM 
BIT 13 (MSB) 


+5V 013: 


(CL7134U 


BIT 0 (LSB) 


SINE WAVE 


BIT 13 (MSB) 
D13 


ICL7134 


BIT 0 (LSB) 


Figure 6: Feedthrough Error Test Circuit 


NOTE: Alf typical values have been characterized but are not tested. 
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+5V — 
ov 


DIGITAL INPUT 


BIT 13 (MSB) 


BIT 0(LSB) 


ICL7134 


11t: 0.003% SETTLING 
9t: 0.01% SETTLING 


Varue Varma Vt PROG +100mV J7_ JT OSCILLOSCOPE 


EXTRAPOLATE 


SCHOTTKY 
DIODES 


Figure 7: Output Current Settling Time Test Circuit 


DETAILED DESCRIPTION 


The ICL7134 consists of a 14-bit primary DAC, two PROM 
controlled correction DACs, input buffer registers, and mi- 
croprocessor interface logic (Figure 2). The 14-bit primary 
DAC is an R-2R thin film resistor ladder with N-channel 
MOS SPDT current steering switches. Precise balancing of 
the switch resistances, and all other resistances in the lad- 
der, results in excellent temperature stability. 


True 14-bit linearity is achieved by programming a floating 
polysilicon gate PROM array which controls two correction 
DAC circuits. A 6-bit gain correction DAC, or G-DAC, diverts 
up to 2% of the feedback resistor’s current to Analog 
GounND and reduces the gain error to less than 1 LSB, or 
0.006%. The 5 most significant outputs of the DAC register 
address a 31-word PROM array that controls a 12-bit lineari- 
ty correction DAC, or C-DAC. For every combination of the 
primary DAC’s 5 most significant bits, a different C-DAC 
code is selected. This allows correction of superposition er- 
rors, caused by bit interaction on the primary resistor lad- 
der’s current output bus and by voltage non-linearity in the 
feedback resistor. Superposition errors cannot be corrected 
by any method which corrects individual bits only, such as 
laser trimming. Since the PROM programming occurs in 
packaged form, it corrects for resistor shifts caused by the 
thermal stresses of packaging. These packaging shifts limit 
the accuracy that can be achieved using wafer level correc- 
tion methods such as laser trimming, which has also been 
found to degrade the time stability of thin film resistors at 
the 14-bit level. 


Analog Section 


The 1CL7134 inherently provides both unipolar and bipo- 
lar operation. The bipolar application circuit (Figure 8) re- 
quires one additional op-amp but no external resistors. The 
two on-chip resistors, Riny; and Rinvo, together with the 


op-amp, form a voltage inverter which drives the MSB refer- 


ence terminal, Varm, to —VR_er, where Vref is the voltage 
applied at the less significant bits’ reference terminal, Vary. 
Notice the values of 1.95R and 2R for the Ryjy;1 and Rynyo. 
The Vrem absolute value is about 2.5% higher than the 
Vrar.. This is necessary so that the gain error can be cor- 
rected. This reverses the weight of the MSB, and gives the 
DAC a 2’s complement transfer function. The op-amp and 
reference connection to Vary and Var, can be reversed, 
without affecting linearity, but a small gain error will be intro- 
duced. For unipolar operation the Vpary and Vpr, terminals 
are both tied to Vref, and the Ryyy pin ts left unconnected. 


NOTE: All typical values have been characterized but are not tested. 
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Since the PROM correction codes required are different 
for bipolar and unipolar operation, the ICL7134 is available 
in two different versions; the 1CL7134U, which is corrected 
for unipolar operation, and the ICL7134B, which is pro- 
grammed for bipolar application. The feedback resistance is 
also different in the two versions, and is switched under 
PROM control from ‘R’ in the unipolar device to ‘2R’ in the 
bipolar part. These feedback resistors have a dummy (al- 
ways ON) switch in series to compensate for the effect of 
the ladder switches. This greatly improves the gain temper- 
ature coefficient and the power supply rejection of the de- 
vice. 


Digital Section 


Two levels of input buffer registers allow loading of data 
from an 8-bit or 16-bit data bus. The Ag and Aj pins select 
one of four operations: 1) load the LS-buffer register with 
the data at inputs Dp to D7; 2) load the MS-buffer register 
with the data at inputs Dg to Dy3; 3) load the DAC register 
with the contents of the MS and LS-buffer registers and 4) 
load the DAC register directly from the data input pins (see 
Table 2). The CS and WR pins must be low to allow data 
transfers to occur. When direct loading is selected (CS, WR, 
Ao and A; low) the registers are transparent, and the data 
input pins control the DAC output directly. The other modes 
of operation allow double buffered loading of the DAC from 
an 8-bit bus. 


These input data pins are also used to program the 
PROM under control of the PROG pin. This is done in man- 
ufacturing, and for normal operation the PROG pin should 
be tied to Vt (+ 5V). 


a 2: Data Loading Controls 


Control | Controli/P_— 1CL7134 Operation 


No operation, device not selected. 


ae Load all registers from data bus. 
}o | o | Load LS register from data bus. - 
rare Load MS register from data bus. 


Load DAC register from MS and 
LS register. 


Note: Data is latched on LO-HI transition of either WR or CS. 


ICL7134 


ICL7134 


ICL7134 


Figure 8: Bipolar Operation, with 
Inverted Vper to MSB 


APPLICATIONS 


General Recommendations 
GROUND LOOPS 


Careful consideration must be given to ground loops in 
any 14-bit accuracy system. The current into the analog 
ground point inside the chip varies significantly with the in- 
put code value, and the inevitable resistances between this 
point and any external connection point can lead to signifi- 
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the IC, the AGNDr 
and AGNDs pins. The varying current should be absorbed 
through the AGNDr pin, and the AGNDs pin will then accu- 
rately reflect the voltage on the internal current summing 
point, as shown in Figure 9. Thus output signals should be 
referenced to the sense pin AGNDs, as shown in the vari- 
ous application circuits. 


OPERATIONAL AMPLIFIER SELECTION 


To maintain static accuracy, the Ioyt potential must be 
exactly equal to the AGNDs potential. Thus output amplifier 
selection is critical, in particular low input bias current (less 
than 2nA), low offset voltage drift (depending on the tem- 
perature range) and low offset voltage (less than 25y:V) are 
advisable if the highest accuracy is needed. Maintaining a 
low input offset over a OV to 10V range also requires that 
the output amplifier has a high open loop gain (Ayo, > 400k 
for effective input offset less than 25V). 


The reference inverting amplifier used in the bipolar mode 
circuit must also be selected carefully. If 14-bit accuracy is 
desired without adjustment, low input bias current (less than 
1nA), low offset voltage (less than 50uV), and high gain 
(greater than 400k) are recommended. If a fixed reference 
voltage is used, the gain requirement can be relaxed. For 
highest accuracy (better than 13 bits), an additional op-amp 
may be needed to correct for IR drop on the Analog 
GrouND line (op-amp Ao in Figure 11). This op-amp should 
be selected for low bias current (less than 2nA) and low 
offset voltage (less than 50,,V). 


The op-amp requirements can be readily met by use of an 
ICL7650 chopper stabilized device. For faster settling time, 
an HA26XX can be used with an ICL7650 providing auto- 
matic offset null (see A053 applications note for details). 


NOTE: All typical values have been characterized but are not tested. 
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0341-9 
Figure 9: Eliminating Ground Loops 


The output amplifier’s non-inverting input should be tied 
directly to AGNDs. A bias current compensation resistor is 
of limited use since the output impedance at the summing 
node depends on the code being converted in an unpredict- 
able way. If gain adjustment is required, low tempco (ap- 
proximately 50ppm/°C) resistors or trim-pots should be se- 
lected. 


POWER SUPPLIES 


The V+ (pin 25) power supply should have a low noise 
level, and no transients exceeding 7 volts. Note that the 
absolute maximum for digital input voltage is V+ +0.3V, 
therefore V+ must be applied before digital inputs are al- 
lowed to go high. Unused digital inputs must be connected 
to GND or V+ for proper operation. 


Unipolar Binary Operation (ICL7134U) 


The circuit configuration for unipolar mode operation 
(ICL7134U) is shown in Figure 10. With positive and nega- 
tive Vr_er values the circuit is capable of two-quadrant multi- 
plication. The “digital input code/analog output value”’ table 
for unipolar mode is given in Table 3. The Schottky diode 
(HP5082-2811 or equivalent) protects loyt from negative 
excursions which could damage the device, and is only nec- 
essary with certain high speed amplifiers. For applications 
where the output reference ground point is established 
somewhere other than at the DAC, the circuit of Figure 11 
can be used. Here, op-amp Ao. removes the slight error due 
to IR voltage drop between the internal Analog GrouND 
node and the external ground connection. For 13-bit or low- 
er accuracy, omit Ao and connect AGNDr and AGNDs di- 
rectly to ground through as low a resistance as possible. 


DATA 


INPUTS ICL7134U 


c — AGNDs 
Do (LSB)‘— — AGND¢ 
PROG DGND 


WR CS Ai 


0341-10 
Unipolar Binary, Two-Quadrant 
Multiplying Circuit 


Figure 10: 


INPUTS 1CL7134U 


( 
\ 


Figure 11: Unipolar Binary Operation 
with Forced Ground 


NOTE: All typical values have been characterized but are not tested. 
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ICL7134 


Table 3: Code Table — Unipolar Binary 
Operation 


Digital Input Analog Output 


41111111111111 —Vrer(1 — 14) 
10000000000001 —Vrer(e+ ¥o14) 
—Vrer/2 
—Vrer(Ye— Y214) 
—Vrer("4) 


10000000000000 
01111111111111 
00000000000001 
00000000000000 0 


ZERO OFFSET ADJUSTMENT 


1. Connect all data inputs and WR, CS, Ap and Aj to 
DGND. 


2. Adjust offset zero-adjust trim-pot of the operational 
amplifier Az, if used, for a maximum of OV +50pV 
at AGNDs. 


3. Adjust the offset zero-adjust trim-pot of the output 
op-amp, Aj, for a maximum of OV +50zpV at Vourt. 


GAIN ADJUSTMENT (OPTIONAL) 


1. Connect all data inputs to V+, connect WR, CS, Ap 
and A; to DGND. 


2. Monitor Vout for a —Vper (1 — 1414) reading. 


3. To decrease Voyt, connect a series resistor of 50 
or less between the reference voltage and the 
Vrem and Var, terminals (pins 20 and 18). 


4. To increase Voyrt, connect a series resistor of 522 
or less between A, output and the Rep terminal (pin 
21). 


Bipolar (2’s Complement) Operation 
(ICL7134B) 


The circuit configuration for bipolar mode operation 
(ICL7134B) is shown in Figure 12. Using 2’s complement 
digital input codes and positive and negative reference volt- 
age values, four-quadrant multiplication is obtained. The 
“digital input code/analog output value” table for bipolar 
mode is given in Table 4. Amplifier Az, together with internal 
resistors Rijy; and Riyvyo, forms a simple voltage inverter 
circuit. The MSB ladder leg sees a reference input of ap- 
proximately —Vp_er, so the MSB’s weight is reversed from 
the polarity of the other bits. In addition, the ICL7134B’s 
feedback resistance is switched to 2R under PROM control, 
so that the bipolar output range is +Vprer to —VReF 
(1-113). Again, the grounding arrangement of Figure 11 
can be used, if necessary. 


Table 4: Code Table — Bipolar 
(2’s Complement) Operation 


Digital Input Analog Output 


01111111111111 —Vrer(1— 413) 
00000000000001 —Vrer(¥13) 


00000000000000 0 


117111711111171 
10000000000001 
10000000000000 


Vrer(13) 
VRer(1 — %13) 
VREF 


ICL7134 


ICL7134 


DATA 
INPUTS 


1CL7134B 


ICL7134 


ti ™ tos 


Figure 12: Bipolar (2’s Complement), Four-Quadrant Multiplying Circuit 


OFFSET ADJUSTMENT 


iP 


2. 


Connect all data inputs and WR, CS, Ag and Aj to 
DGND. 


Adjust the offset zero-adjust trim-pot of the opera- 
tional amplifier Ao, if used, for a maximum of OV 
+50pnV at AGNDs. 

Set data to 00000....00. Adjust the offset zero- 
adjust trim-pot of the output op-amp Aj, for a maxi- 
mum of OV +50zV at Vout. 

Connect D13 (MSB) data input to Vt. 

Adjust the offset zero-adjust trim-pot of op-amp A3 


for a maximum of OV +50pnV at the Riny terminal 
(pin 19). 


GAIN ADJUSTMENT (OPTIONAL) 


P 
2. 


Connect WR, CS, Ao and A; to DGND. 


Connect Do, Dy...Dy2 to Vt, Dy3 (MSB) to 
DGND. 


NOTE: All typical values have been characterized but are not tested. 


3. Monitor Voyt for a —VRer (1— 7213) reading. 


4.  Toincrease Vout, connect a series resistor of 100 
or less between the A; output and the Reg terminal 
(pin 21). 

5. To decrease Voyrt, connect a series resistor of 59 
or less between the reference voltage and the Var, 
terminal (pin 18). 


Processor Interfacing 


The ease of interfacing to a processor can be seen from 
Figure 13, which shows the ICL7134 connected to an 8035 
or any other processor such as an 8049. The data bus 
feeds into both register inputs; three port lines, in combina- 
tion with the WR line, control the byte-wide loading into 
these registers and then the DAC register. A complete DAC 
set-up requires 4 write instructions to the port, to set up the 
address and CS lines, and 3 external data transfers, one a 
dummy for the final transfer to the DAC register. 


ICL7134 


ADDRESS BUS 


ADDRESS 
DECODE 


Rep Do-.7 
1CL7134 


lout 


1CL7134 Ds-13 
~4 


AGNDs 


—_———O 
1/0 WRITE 


0341-14 
Figure 14: Interface to 8080 System 


0341-13 
Figure 13: 1CL7134 Interface to 8048 System 


16-BIT ADDRESS BUS 


ADDRESS 
DECODE 


1CL7134 
8-BiIT DATA BUS Do-7 


0341-15 


Figure 15: 8085 System Interface 


NOTE: All typical values have been characterized but are not tested. 
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ICL7134 


ICL7134 


A similar arrangement can be used with an 8080A, 8228, . 


and 8224 chip set. Figure 14 shows the circuit, which can 
be arranged as a memory-mapped interface (using MEMW) 
or as an |/O-mapped interface (using |1/O WRITE). See 
A020 and R005 for discussions of the relative merits of 
memory-mapped versus |/O-mapped interfacing, as well as 
some other ideas on interfacing with 8080 processors. The 


8085 processor has a very similar interface, except that the” - 


control lines available are slightly different, as shown in Fig- 


ADDRESS 
DECODE 


Figure 16: R650X and MC680X 
Families’ Interface to ICL7134 


ANALOG 
CIRCUIT 


ICL7134 


ure 15. The decoding of the |O/M line, which controls mem- 
ory-mapped or |/O-mapped operation, is arbitrary, and can 
be omitted if not necessary. Neither the MC680X nor R650X 
processor families offer specific |/O operations. Figure 16 
shows a Suitable interface to either of these systems, using 
a direct connection. Several other decoding options can be 
used, depending on the other control signals generated in 
the system. Note that the R650X family does not require 
VMA to be decoded with the address lines. 


P26 


1017134 


OPTIONAL 
GATE 
(SEE TEXT) - 


0341-17 


Figure 17: Avoiding Digital Feedthrough 
in an 8048 to ICL7134 Interface 


0341-18 


Figure 18: 1CL7134 to 8048/80/85 Interface with Low Feedthrough 


NOTE: All typical values have been characterized but are not tested. 
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Digital Feedthrough 


All of the direct interfaces shown above can suffer from a 
capacitive coupling problem. The 14 data pins,.and 4 con- 
trol pins, all tied to active lines on a microprocessor bus, 
and in close proximity to the sensitive DAC circuitry, can 
couple pseudo-random spikes into the analog output. Care- 
ful board layout and shielding can minimize the problems 
(see PC layout), and clearly wire-wrap type sockets should 
never be used. Nevertheless, the inherent capacitance of 
the package alone can lead to unacceptable digital feed- 
through in many cases. The only solution is to keep the 
digital input lines as inactive as possible. One easy way to 
do this is to use the peripheral interface circuitry available 
with all the systems previously discussed. These generally 
allow only 8 bits to be updated at any one time, but a little 
ingenuity will avoid difficulties with DAC steps that would 
result from partial updates. The problem can be solved for 
the 8048 family by tying the 14 port lines to the data input 
lines, with CS, Ag and A; held low, and using only the WR 
line to enter the data into the DAC (as shown in Figure 17). 
WR is well separated from the analog lines on the ICL7134, 
and is usually not a very active line in 8048 systems. Addi- 
tional ‘‘protection” can be achieved by gating the processor 
WR line with another port .line.:The same type of technique 
can be employed in the 8080/85 systems by using an 8255 
PIA (peripheral Interface adapter) (Figure 18) and in the 
MC680X and R650X systems by using an MC6820 (R6520) 
PIA. 


Successive Approximation A/D 
Converters 


Figure 19 shows an ICL7134B-based circuit for a bipolar . 
input high speed A/D converter, using two AM25L03s to. 


form a 14-bit successive approximation register. The com- 
parator is a two-stage circuit with an HA2605 front-end am- 
plifier, used to reduce settling time problems at the sum- 


ming node (see A020). Careful offset-nulling of this amplifier - 


is needed, and if wide temperature range operation is de- 
sired, an auto-null circuit using an ICL7650 is probably ad- 


NOTE: All typical values have been characterized but are not tested. 
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ICL7134 


visable (see A053). The clock, using two Schmitt trigger TTL 
gates, runs at a slower rate for the first 8 bits, where set- 
tling-time is most critical, than for the last 6 bits. The short- 
cycle line is shown tied to the 15th bit; if fewer bits are 
required, it can be moved up accordingly. The circuit will 
free-run if the HOLD/RUN input is held low, but will stop 
after completing a conversion if the pin is high at that time. 
A low-going pulse will restart it. The STATUS output indi- 
cates when the device is operating, and the falling edge 
indicates the availability of new data. A unipolar version may 
be constructed by tying the MSB (D413) on an ICL7134U to 
pin 14 on the first AM25L03, deleting the reference inver- 
sion amplifier Ay, and tying Vary to Vre-.- 


PC BOARD LAYOUT 


Great care should be taken in the board layout to mini- 
mize ground loop and similar “hidden resistor’ problems, as 
well as to minimize digital signal feedthrough. A suitable lay- 
out for the immediate vicinity of the 1CL7134 is shown in 


Figure 20, and may be used as a guide. 


APPLICATION NOTES 


Some applications bulletins that may be found useful are 
listed here: 
A002 “Principles of Data Acquisition and Conversion” 
A018 ‘Do’s and Dont’s of Applying A/D Converters,” by 
Peter Bradshaw and Skip Osgood. 
‘““A Cookbook Approach to High Speed Data Acqui- 
sition and Microprocessor Interfacing,” by Ed Sliger. 
‘Interpretation of Data Converters Accuracy Speci- 
fications” 
“Interfacing Data Converters & Microprocessors,” 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 


Most of these are available in the Harris Data Acquisition 
Handbook, together-with other material. 
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Figure 19: Successive Approximation A/D Converter 


NOTE: All typical values have been characterized but are not tested. 
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0341-20 
(a) Printed Circuit Side of Card (b) Top Side with Component Placement 
(Single Sided Board) 
Figure 20: Printed Circuit Board Layout (Bipolar Circuit, see Figure 12) 


NOTE: All typical values have been characterized but are not tested. 
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DATA ACQUISITION 


ANALOG SWITCHES 


S6lCCtONGUIGG- «ae eee keene irae pe eee ee eda oe Oe eas ore tae et Sees 7-3 
DG180 Dual SPST 10 Ohm High-Speed Driver with JFET Switch .................. 7-5 
DG181 Dual SPST 30 Ohm High-Speed Driver with JFET Switch ................. 7-5 
DG182 Dual SPST 75 Ohm High-Speed Driver with JFET Switch ................. 7-5 
DG183 Dual DPST 10 Ohm High-Speed Driver with JFET Switch ........ a Pa Meus 7-5 
DG184 Dual DPST 30 Ohm High-Speed Driver with JFET Switch ................. 7-5 
DG185 Dual DPST 75 Ohm High-Speed Driver with JFET Swtich ............ nedeaes 7-5 
DG186 SPDT 10 Ohm High-Speed Driver with JFET Switch ...................... 7-5 
DG187 SPDT 30 Ohm High-Speed Driver with JFET Switch ...................... 7-5 
DG188 SPDT 75 Ohm High-Speed Driver with JFET Switch ...................... 7-5 
DG189 Dual SPDT 10 Ohm High-Speed Driver with JFET Switch .................. 7-5 
DG190 Dual SPDT 30 Ohm High-Speed Driver with JFET Switch ................. 7-5 
DG191. Dual SPDT 75 Ohm High-Speed Driver with JFET Switch ................. 7-5 
DG200 Dual: SPST-CMOS- Analog Switch: «.¢ 22 26.3. 494.66.00% Pees oe ee ees 7-11 
DG201 Quad SPST CMOS Analog Switch .......... 0... . cee eee eee 7-15 
DG201A Quad Monolithic SPST CMOS Analog Switch .......................005. 7-19 
DG202 Quad Monolithic SPST CMOS Analog Switch ...... (a GPa ake aes sagt AS ed ee 7-19 
DG211_. Quad Monolithic SPST CMOS Analog Switch ...................0...00004 7-24 
DG212 Quad Monolithic SPST CMOS Analog Switch ........... ee ee ee eee 7-24 
DG300A Dual SPST TTL Compatible CMOS Analog Switch ...................005. 7-27 
DG301A SPDT TTL Compatible CMOS Analog Switch .....................- 000805 7-27 
DG302A Dual DPST TTL Compatible CMOS Analog Switch ....................... 7-27 
DG303A Dual SPDT TTL Compatible CMOS Analog Switch ....................... 7-27 
DG308A Quad Monolithic SPST CMOS Analog Switch ......................0000. 7-32 
DG309 Quad Monolithic SPST CMOS Analog Switch ....................0.0008. 7-32 
HI-200 Dual SPST CMOS Analog Switch ............. 0... 0c eee 7-36 
HI-201 Quad SPST CMOS Analog Switch ...................... we che defies luesets de thse ime 7-42 
HI-201HS High-Speed Quad SPST CMOS Analog Switch ............. 5 tence Aatensey Sect 7-48 
HI-222 high Frequency VideO: SWHCR oic4 oc i.e oboe ba ee ea eee eee) Se 7-57 
HI-300. Dual SPST CMOS Analog Switch ..... Fe his eye ae aula mh Be cee Aina Grate aed Ae 7-65 
HI-301 SPDT GMOS Analog Swen cist oe rake ha a ie bye er heehee eee: 7-65 
HI-302 Dual DPST CMOS Analog Switch ......... 0.0.0... ee 7-65 
HI-303 Dual SPDT CMOS Analog Switch ............ 0.0... cee ee 7-65 
HI-304 Dual SPST CMOS Analog Switch ........ 0.0... ccc ee eens 7-65 
HI-305 SPDI CMOS: Analog. SWHch fs.c:0 diet ann Sadie es tw pee eae oe 7-65 
Hi-306 Dual DPST CMOS Analog Switch ............. 02. eee 7-65 
HI-307 Dual SPDT CMOS Analog Switch ........ 0... 0. cc ee eee 7-65 
HI-381 Dual SPST - CMOS ‘Analog Swit¢h «24.6 0.05 e224 6 nee Soe Wa eas Mee Face wae 7-70 
HI-384 Dual DPST CMOS Analog Switch ........ 0... 0... ee ce ee 7-70 
HI-387 SPDI° CMOS Analog: Switeh’ )ce 6 oscqaurst saad 2a: 85) ee Se ee day oagls 7-70 


HI-390 

HI-5040 
HI-5041 
H!-5042 
HI-5043 
HI-5044 
HI-5045 
HI-5046 


HI-5046A 


HI-5047 


HI-5047A 


HI-5048 
HI-5049 
HI-5050 
HI-5051 
IH401A 
IH5009 
IH5010 
IH5011 
IH5012 
IH5014 
IH5016 
IH5017 
IH5018 
IH5019 
IH5020 
IH5022 
IH5024 
IH5043 
IH5052 


IH5053 | 


IH5140 
1H5141 

IH5142 
IH5143 
IH5144 
IH5145 
1H5151 

1H5341 
IH5352 
IH6201 


Dual SPDT CMOS Analog Switch ................ Died gine are td. ae berhee 7-70 


SPST ‘GMOS Analog SWIC si. 6s2ossa dae cw ede bi tetas eee G ae Ss ear 7-76 
Dual SPST CMOS Analog Switch ............ ete tee ta awe tee aon aes 7-76 
SPDT CMOS Analog Switch ............0 0.0... ccc eee eee ee 7-76 
Dual SPDT CMOS Analog Switch ............ 0... 0.0. cee eee 7-76 
DPST CMOS Analog Switch ..........0 0.00... e eee ete e eens 7-76 
Dual DPST CMOS Analog Switch ......... 0.0... 0.0 ccc ees 7-76 
DPDT CMOS Analog Switch ..... 0.000. ccc wae ce ence ene en aeens 7-76 
DPDT CMOS Analog Switch .............. 0.00. cee ee eee 7-76 
APST CMOS Analog Switcn24 55 ose eee Pek da eee pee Seas ... 7-76 
4PSI ‘CMOS: Analog Swen sic 2:66:46 coan tne eam doce oak soe aoe ews 7-76 
Dual SPST CMOS Analog Switch .............0. 0... 7-76 
Dual DPST CMOS Analog Switch ...........0. 0.0.0.0. cece eee 7-76 
SPDT CMOS Analog Switch ......... 0.0... 0. cece eee tees 7-76 
Dual SPDT CMOS Analog Switch ............ 0.0... tee eee 7-76 
Quad Varafet Analog Switch .......... haret etnias aire tans, Atds Gde Sae natn 6 7-87 
Quad 100 Ohm Virtual Ground Analog Switch ............ 0.0.0.0. ..0 0.20 ee 7-92 
Quad 150 Ohm Virtual Ground Analog Switch ....... Sh deb edo oo, Seen uanaaetet oak 7-92 
Quad 100 Ohm Virtual Ground Analog Switch .......................000. 7-92 
Quad 150 Ohm Virtual Ground Analog Switch ............. 00... 0000 00 cee 7-92 
Triple 150 Ohm Virtual Ground Analog Switch .......................0085 7-92 
Triple 150 Ohm Virtual Ground Analog Switch ...................0.00005. 7-92 
Dual 100 Ohm Virtual Ground Analog Switch .....................0000 0 7-92 
Dual 150 Ohm Virtual Ground Analog Switch ............... 2.000.000 ee, 7-92 
Dual 100 Ohm Virtual Ground Analog Switch ............. 0.0.0... 7-92 
Dual 150 Ohm Virtual Ground Analog Switch ..................-..000055 7-92 
Single 150 Ohm Virtual Ground Analog Switch .............. 0.0.0... 0 cae 7-92 
Single 150 Ohm Virtual Ground Analog Switch ........... 0.0.0... 0c eae 7-92 
Dual SPDT 75 Ohm High-Level CMOS Analog Switch .................... 7-99 
Quad SPST CMOS Analog Switch ............ 0.00.0 c ccc cece cee ee eee 7-108 
Quad SPST CMOS Analog Switch ...........0. 0000.00 cece ee eee 7-108 
SPST High-Level CMOS Analog Switch ............. 0.00. c cece eee eae 7-114 
Dual SPST High-Level CMOS Analog Switch....................0..000. 7-114 
SPDT High-Level CMOS Analog Switch ................... 000. e eee eee 7-114 
Dual SPDT High-Level CMOS Analog Switch .....................0..000. 7-114 
DPST High-Level CMOS Analog Switch ........... 0.2.0.0 cece eee eee eens 7-114 
Dual DPST High-Level CMOS Analog Switch .................0......000. 7-114 
Dual SPDT High-Level CMOS Analog Switch ......................0 00 ee 7-125 
Dual SPST CMOS RF/Video Switch ......... 0.0.00. cece eee eens 7-133 
Quad SPST CMOS RF/Video Switch .....0.... 0.0.0.0. ccc cee ee eee 7-139 
Dual CMOS Driver/Voltage Translator ........... 0 ccc cece eee cece eeees 7-144 


JFET SWITCHES 


Switch Selector Guide 


Dual 
SPDT 


(6) 


IH401A 


CMOS SWITCHES 


HI-5040 
1H5140 


DG200 
DG300A 
HI-200 
HI-222 
HI-300 
HI-304 
HI-381 
HI-5041 
HI-5048 
1H5041 
1H5341 


SWITCH 
PART# TOPOLOGY | TECHNOLOGY 
HI-5040 SINGLE SPST| 36V CMOS-D! 
1H5140 (fig. 1) 36V CMOS-JI 


DG180 36V N-JFET 


0G181 36V N-JFET 

06182 36V N-JFET 

0G200 36V CMOS-JI 
DG300A 44V CMOS-JI 
HI-200 44V CMOS-DI 
HI-222 36V CMOS-D! 
HI-300 44V CMOS-DI 
HI-304 44V CMOS-D! 
HI-381 44V CMOS-DI 
HI-5041 36V CMOS-DI 
H1-5048 36V CMOS-DI 
1H5041 36V CMOS-J! 
1H5141 36V CMOS-JI 


1H5341 36V CMOS-JI 


DG201 
DG201A 
DG202 
DG211 
0G212 
DG308A 
DG309 
HI-201 
HI-201HS 
IH5052 
IH5053 
1H5352 


HI-5047 
HI-5047A 


DG301A 
HI-304 
HI-305 
HI-387 
HI-5042 
H!-5050 
1H5142 


DG303A 
HI-303 
HI-307 
HI-390 
HI-5043 
HI-5051 
1H5043 
1H5143 
1H5151 


RDS (on) 
MAX (1) 
@ 25°C 


ANALOG 


SUPPLY VOLTAGE 
SIGNAL 


pe RANGE 


0.8 
: 


V+ a VL (2) 
(V) (V) 


+15 = +5 
+15 -15 +5 


TON 
(ns) 


1000 
150 


a V+ 
+11 typ 


_ 


1 +15 =15 +5 300 
1 +15 =15 +5 150 
1 +15 -15 +5 250 
0 +15 -15 n/a 1000 
1 +15 =15 nla 150typ 
0 +15 -15 nia 2401yp 
0 +15 =-15 n/a 200 
1 +15 -15 n/a 300 
1 +15 -15 nila 250 
1 +15 -15 nia 300 
1 +15 -15 né/a 1000 
1 +15 -15 nia 1000 
1 +15 =-15 +5 1000 
1 +15 -15 +5 175 
1 +15 ~15 +5 300 


0G201 QUAD 36V CMOS-J! re) +15 -15 n/a | 1000 
DG201A SPST 44V CMOS-J! 0 415 -15 nia 600 
DG202 (fig. 3) 44V CMOS-JI 1 +15 -15 nia 600 
06211 44V CMOS-JI 0 +15 -15 +5 1000 
0G212 44V CMOS-Jl 1 415 -15 45 1000 
DG308A 44V CMOS-JI 1 +15 -15 n/a 200 
DG309 44V CMOS-J! 0 +15 -15 nia 200 
HI-201 44V CMOS-DI 0 +15 =-15 n/a | 185typ 
HI-201HS 36V CMOS-DI 0 +15 =-15 nla 50 
1H-5052 36V CMOS-JI 0 415 =15 +5 1000 
1H-5053 36V CMOS-J! 1 415 -15 +5 1000 
1H-5352 36V CMOS-JI 1 415 -15 45 300 
HI-5047 4PST 36V CMOS-DI 50 typ 0.8 typ 08 ig to V+ 415 -15 nia 1000 
HI-5047A (fig. 4) 36V CMOS-DI 25 typ 0.8 typ 08 - to V+ +15 -15 nla 1000 
0G186 SPDT 36V N-JFET V=+75toV+] +15 -15 +5 300 
0G187 (fig. 5) 36V N-JFET V=+75toV+] +15 -15 +5 150 
DG188 36V N-JFET V-4+5toVa +15 -15 +5 250 
DG301A 44V CMOS-ul V~ to V4 +15 -15 n/a | 150typ 
HI-301 44V CMOS-JI V- to V+ +15 -15 nia 300 
HI-305 44V CMOS-DI V- to V+ +15 -15 nia 250 
HI-387 44V CMOS-DI V= to V+ +15 -15 na 300 
HI-5042 36V CMOS-DI V= toV+ 415 =15 nia 1000 
HI-5050 36V CMOS-D! "V= 10 V+ 415 =15 nia 1000 


1H5142 


36V CMOS-JI 


+10 typ +15 -15 +5 300 


SWITCHING 
TIME 


TOFF 
(ns) 


500 
125 


250 
130 
130 
500 
130typ 
500typ 
200 
250 
150 
250 
500 
§00 
500 
150 
150 


500 
450 
450 
500 
500 
150 
150 
220typ 
50 
500 
500 
150 


500 
500 


250 
130 
130 
oo 


HI-5044 
1H5144 


DG302A 
HI-302 
HI-306 
HI-384 
HI-5045 
HI-5049 
1H5145 


HI-5046 
HI-5046A 


PACKAGE & TEMPERATURE RANGE (4) 
PLASTIC METAL 
CERDIP} CAN 


COMMENTS 
DIP SOIC, PLCC 


C.M 
C.M 


RF/Video T switch 


Ron matching 10Qmax @ 25°C 
Ron matching SQmax @ 25°C 


eXeokeks) 2020 
29 


RF/Video T switch 


ANNOAIANQAIQAAY 


High speed 


RF/Video T switch 


Ron matching 102max @ 250C 
Ron matching 5Qmax :@ 250C 


Ron matching 402max @ 25°C 
Ron matching 5Qmax @ 25°C 


Switch Selector Guide 


(Continued) 
SWITCH ANALOG | SUPPLY VOLTAGE | SWITCHING PACKAGE & TEMPERATURE RANGE (4) 
PART# —._—'|: TOPOLOGY | TECHNOLOGY SIGNAL TIME <= COMMENTS - 
RANGE | V+ V- VL(2)] TON  TOFF PLASTIC METAL 
v) MM | ts) ns) DIP SOIC ) PLCC | CERDIP| CAN 


0G189 36V N-JFET +15 =-15 +5 300 250 1M 
0G190 36V N-JFET +19 -15 +5 150 130 LM 
06191 36V N-JFET “$15 -15 +5 250 130 I.M 
0G303A 44V CMOS-JI - |- 150 typ. 130 typ C.1L.M 
HI-303 44V CMOS-DI 300 250 CM 
HI-307 44V CMOS-0!, 250 180 C.M 
HI-390 34V CMOS-O1' 300 250 CM 
HI-5043 36V CMOS-D! 500 | Ron matching 10Qmax @ 25°C Cl CM 
H1-5051 36V CMOS-DI | Ron matching 52max.@ 25°C C1 CM 
1H5043 36V CMOS-JI C C.M 
1H5143 36V CMOS-JI C.M 
1H5151 36V CMOS-JI CM 
HI-5044 DUAL OPST | 36V CMOS-OI V=- TO V+ +15 -15 n/a 1000 §00 |Ron matching 10Qmax @ 25°C C.M 
06183 36V N-JFET +15 -15 +5 1M 
0G184 36V N-JFET +15 -15 +5 1M 
0G185 36V N-JFET +15 -15 +5 1M 
O0G302A 44V CMOS-JI +15 -15 nia 150 typ 130 typ C.1.M 
HI-302 44V CMOS-OI +15 -15 néa 300 250 C.M 
HI-306 44V CMOS-DI +15 +15 nla CM 
» HI-384 44V CMOS-DI +15 -15 nia C.M 
HI-5045 36V CMOS-D! +15 +15 nia Ron matching 10Qmax @ 25°C C CM 
HI-5049 36V CMOS-0! +15 -15 nla Ron matching Qmax @ 25°C C C.M 
1H5145 36V CMOS-JI +15 =15 +5 300 150 C.M | 


HI-5046 » DPOT 36V CMOS-0! V= to V+ +15 =15 nia 1000 «=. 500-—« | Ron matching Qmax @ 25°C CM 
* HI-SO46A (fg 9) | 36V CMOS-O! V- toV+,} +15 --15 n/a 1000 500 | Ron matching Qmax @ 25°C C.M 
Notes: The ROS (on) of a CMOS switch varies as a function of supply voitage, analog signal voltage, and temperature. 


1 
2. Logic supply voitage, if required. 
3. Referto data sheet for the switch states of SPOT and DPDT switches. 
4. Refer to the individual datasheet for specific package lead count and temperature range information. 
The following temperature range conventions are used: C » commercial temp range, | = industrial temp range, M = military temp range 


P-CHANNEL JFET CHARACTERISTICS 7 PACKAGE & TEMP RANGE (1) 
SWITCH CONFIGURATION 


OUTPUT Rds (on) 1D (off) t (on) & t (off) PLASTIC CERAMIC 
SINGLE DUAL TRIPLE QUAD CONFIGURATION MAX @25°C | MAX @25°C MAX @25°C 


5022 | 1H5018 F insor | IH5010 +5V 
*1H5024 4-; 1H5020 | 1H5016 nso | 


Note: 1. Refer to the data sheet for specific package lead count and temperature range information. 
C = commercial temperature range, M = military temperature range 
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: ™ 
ti) HARRIS DG180-191 5 
SEMICONOUCTOR a = “ 
I 
High-Speed Driver With 64 
© 
JFET Switch - 
a 
GENERAL DESCRIPTION FEATURES | 
The DG180 thru DG191 series of analog gates consist of ® Constant ON-Resistance for Signals to + 10V 
2 or 4 N-channel junction-type field-effect transistors (JFET) (DG182, 185, 188, 191), to +7.5V (All Devices) 
designed to function as electronic switches. Level-shifting ¢ +15V Power Supplies 


drivers enable low-level inputs (0.8 to 2V) to control the ON- 


OFF state of each switch. The driver is designed to provide Py en Eearage erom-signal Channenn PoiyNane 


a turn-off speed which is faster than turn-on speed, so that Or hsialce ; ; — 
break-before-make action is achieved when switching from ¢ TTL, DTL, RTL Direct Drive Compatibility 

one channel to another. In the ON state, each switch con- ® ton, toff << 150ns, Break-Before-Make Action . 
ducts current equally well in both directions. In the OFF con- ® Cross-talk and Open Switch Isolation> 50dB at 
dition, the switches will block voltages up to 20V peak-to- 10MHz (752. Load) 


peak. Switch-OFF input-output isolation is 50dB at 10MHz, 
due to the low output impedance of the FET-gate driving - eA 36510 Approved 
circuit. DG 181 X Y 


ORDERING INFORMATION | ie ese 


Number (Max) L ~ 14-PIN FLAT PACK 
Dual SPST P — CERAMIC DIP 


Dual SPST 
Dual SPST TEMPERATURE 
Dual DPST A — MILITARY (—55°C to + 125°C) 
Dual DPST B — INDUSTRIAL (—20°C to + 85°C) 
Dual DPST 

SPDT DEVICE TYPE 

SPDT 

SPDT DRIVER 
Dual SPDT 
Dual SPDT 
Dual SPDT 


ONE AND TWO CHANNEL SPDT AND 
SPST CIRCUIT CONFIGURATION TWO CHANNEL DPST CIRCUIT CONFIGURATION 


OG 186/187/188 SHOWN Seo ee DG183/184/185 SHOWN 


Figure 1: Functional Diagram (Typical Channel) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 7-5 


DG180-191 


ABSOLUTE MAXIMUM RATINGS 


VES hid otindaar gd Glows eh aveeutins cansoaeeaess 36V 
MP EVES au taderae nes as cater Meee ee nae esa ae es 33V 
VpjiV wee ee ene acer euw cee ated tae eee 33V 
Via VS dices au ne aee eee ne Rae + 22V 
VECVS daptenneraceeae pee e eens tee edema es 36V 
VES ViNsst sed cette od preteen oe soreness 8V 
VieGND sitcicheo dunt ruuescamns, tee diaeee aaa: 8V 
MIN SOND pti oe ha es cae ene and eae aed boas 8V 


DG180-191 


GND wapeostetewsnceg teuesSe estes ke eras 27V 

GINDEVIN« o23 5s cuatro eeee seems tebe aeee te 20V 

Current (S or D) See Note 3 ....................0. 200mA 

Storage Temperature ................ —65°C to + 150°C 

Operating Temperature .............. — 55°C to + 125°C 

‘Power.Dissipation® ............... 450 (TW), 750 (FLAT), 
825(DIP)mW 

Lead Temperature (Soldering, 10sec) ............. 300°C 


*Device mounted with all leads welded or soldered to PC board. Derate 6mW/°C (TW); 10mMW/°C (FLAT); 11mW/°C (DIP) above 75°C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the i aa sections of the specifications is not implied. Exposure to absolute 


maximum rating conditions for extended periods may affect device reliability. 


DUAL SPST (DG180, 181, 182) 


Metal Can Package 


(OUTLINE DWG TO. -100) 


Flat Package 


(OUTLINE DWG FD-2) 


Flat Package 


Ceramic 


(OUTLINE DWG DD) 


Figure 2: Pin Configurations and Switching State Diagram 


NOTE: All typical values have been characterized but are not tested. 
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DG180-191 


SPDT (DG186, 187, 188) 


Metal Can Package 


(OUTLINE DWG FD-2) 


Flat Package 


Ceramic 


0275-12 
(OUTLINE DWG DE) 


Figure 2: Pin Configurations and Switching State Diagram (Cont.) 


ELECTRICAL CHARACTERISTICS 


Parameter Device No. 


Test Conditions 
(Note 1) 


Sea Nin ee 


DG182, 185, 188, 791 


Vs=10V, Vp = —10V 
Vin= “OFF” 


DG181, 182, 184,185 |Vs=10V, Vp= —10V, Vt = 


187, 188, 190, 191 


(DG180, 183, 186, 189)|}V~ = — 20V, Vin = “OFF” 


(Vt =+15V, V—- = —15V, V_ =5V, Unless Noted) 


B Series 


___ASeries_| __BSeries__ 


10V 


DG181, 184, 187,190 |Vs=7.5V, Vp= —7.5V + 
(DG180, 183, 186, 189)|] Vij = “OFF” +( 


Vg=10V, Vp= —10V 
Vin = “OFF” 


_— DG182, 185, 188, 191 


NOTE: All typical values have been characterized but are not tested. 
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DG180-191 


DG180-191 


|SWITCH (Continued) . 


| s 
DG180, 181, 182, 189 
0, 191 
DG183, 184, 185 

| teno [ALL 


DG180-191 


ELECTRICAL CHARACTERISTICS  (v+=+15v, v-=-—15V, V; =5V, Unless Noted) (Continued) 
oa TestConditions | ASeries — | BSeries_ 
Parameter Device No. 
[Parameter | DeviceNo, (Neem +25°C| + 125°C| — 20°C] + 25°C] + 85°C 


eee DG180, 181, 183,184 |Vjp=V = 27 BV. =“ON"] | 

Pen Ison reser weotgo POS NNT ONT | ae | 200 | | 10 | -200] na 
___|DG182, 185, 188, 191 |Vp=Vs=-10V,Vin="ON"| | +2 | -200| _| —10 | —200| na | 

NPUT . 

| inn _ [ALL Vn=sV—CsdEC CT 10 | 2 | ft | 20 | BAY 


DYNAMIC 


eS a ae ee ee 
aes ee a ee ee ae 
See switchingtimetestcirouit| | 250-| |_| 300 |_| ns 
ee co ee ee Ce 
[OFF Isolation 


toff 1029 Switches 
302 and 752 Switches 
DG181, 182, 184, 185, 
187, 188, 190, 191 


(DG180, 183, 186 189) 


Vp= + BV, Ig =0, f= 1MHz ' 6 typical (17 typical) 
Vp=Vs=0, f= 1MHz 14 typical (17 typical) 
R, = 750, C, =3pF Typically>50dB at 10MHz (See Note2) | | 


DG180, 181,182,189 | 


19 

DG183, 184, 185 , 
DG186, 187, 188 
19 


Vs= —5V, Ip =0, f= 1MHz 9 typical (21 typical) 
| pF 


ton 
Cp on) + Cs on 
OFF Isolation 
SUPPLY 
| + . 
IL 
|+ 
IL 


eS) ae 
ae ee 


| | 
saa esd 
o| ° 


DG186, 187, 188 


DG180, 181, 182, 183 
184, 185, 189, 190, 191 


| 
bat 
>) 


| loots 
rm} |: 
N }ho lan 
A 


IGND 


3 
> 


DG183, 184, 185 
DG186, 187, 188 


DG180, 181,182,189 | . 
190, 191 
DG186, 187, 188 


aa 
ro) 


an 
| on 
oO;n 


DG180, 181, 182, 189 
190, 191 


DG183, 184, 185 
DG180, 181, 182, 183 
184, 185, 189, 190, 191 
DG186, 187, 188 


NOTES 1. See Switching State Diagrams for Vij “ON” and Viy “OFF” Test Conditions. 
2. Off Isolation typically>55dB at 1MHz for DG180, 183, 186, 189. 
3. Saturation Drain Current for DG180, 183, 186, 189 only, typically 300mA (2ms Pulse Duration). Maximum Current on all other devices (any terminal) 
30mA. 


DG186, 187, 188 


so ea 
ml oa 


— 
o1 


| 
i 
oo) 


NOTE. All typical values have been characterized but are not tested. 
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DG180-191 


ELECTRICAL CHARACTERISTICS MAXIMUM RESISTANCES (rpg(ony MAX) (Continued) 


Device Military Temperature etal 
Number P 


+ 125°C 
Vo= =7.5V 
5 


Conditions (Note 1) 
Vt =15V, V—- = —15V, VL=5V 


a 
oO 
ise) 


a ee 
75 
0 
Vp= =7.5V 


5 
eC ee oe 
100__| 100 
2 
| 0G185_| Vp=—10V 
| da186_| v 


Cc 
15 
100 
20 
2 [15 | 16 
[so [so | 50 


APPLICATION HINT (for design only): Normally the minimum signal handling capability of the DG180 through DG191 family is 20V peak-to-peak for the 75 
switches and 15V peak-to-peak for the 109 and 300 (refer Ip and Is tests above). For other Analog Signals, the following guidelines can be used: proper switch 
turn-off requires that V~- <VanaLog(peak) — Vp where Vp = 7.5V for the 109 AND 302 switches and Vp = 5.0V for 752 switches e.g., — 10V minimum (— peak) 
analog signal and a 752 switch (Vp = 5V), requires that V- < —10V —5V = —15V. 


oO 
: 
=) 
en) 


150 


Logic Input for “OFF” to “ON” Condition (DG180/181/182 Shown) 


LOGIC INPUT 
t.<10ns 


t,< 10ns 


SWITCH INPUT 


SWITCH OUTPUT 


0275-13 


SWITCH 


SWITCH s, OUTPUT 
INPUT 


ton, Vs = +10V 
tott, Vs = -10V 


(REPEAT TEST FOR 
-15V ALL CHANNELS) 


ov v- ey eee: ees 
Vo = Vs Ri + rosion) 


0275-14 
Figure 3: Switching Time Test Circuits 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or — as per switching time test circuit. Vo is the 
steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform. 


NOTE: All typical values have been characterized but are not tested. 


DG180-191 


DG180-191 


DUAL SPST —-DG180/181/182 
TEST CONDITIONS | 


~ DG180/181/182 
Vin “ON” =0.8V All Channels 
Vin “OFF” =2.0V All Channels 
SWITCH STATES ARE 
FOR LOGIC “1” INPUT = 2.0V 
SPDT —- DG186/ 187/188 
TEST CONDITIONS 


DG186/ 187/188 


Vin “ON” = 2.0V Channel 1 
Channel 2 
Channel 2 
Channel 1 


Vin “ON” = 0.8V 
Vin “OFF” = 2.0V 
Vin “OFF” =0.8V 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT = 2.0V 


NOTE: All typical values have been characterized but are not tested. 
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DG180-191 


DUAL DPST -DG183/184/185 
TEST CONDITIONS 


DG183/184/185 


Vin “ON” = 2.0V | All Channels 
All Channels 


Vin “OFF” =0.8V 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT = 2.0V 


DUAL SPDT -DG189/190/191 
TEST CONDITIONS 


DG189/190/191 


Vin “ON? = 2.0V Channels 1 & 2 
Channels 3 & 4 
Channels 3 & 4 
Channels 1 & 2 


Vin “ON” =0.8V 
Vin “OFF” = 2.0V 
Vin “OFF” =0.8V 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT = 2.0V 


mw) 


7 RIS 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The DG200 solid state analog gates are designed using 
an improved, high voltage CMOS monolithic technology. 
They provide ease-of-use and performance advantages not 
previously available from solid state switches. Destructive 
latch-up of solid state. analog gates-has been eliminated by 
HARRIS’s CMOS technology. 


The DG200 is completely spec and pin-out compatible ~ 
with the industry standard device. 


ORDERING INFORMATION 


Industry 


Standard 
Part 


CERDIP & EPOXY DUAL-IN-LINE 
PACKAGE (outline dwgs JD, PD) 


ee. al Bene 


METAL CAN PACKAGE 
(outline dwg TO-100) 


DG200 
CMOS Dual SPST 
Analog Switches 


FEATURES 

© Switches Greater Than 28Vpp Signals With + 15V 
Supplies 

® Break-Before-Make Switching tos; 250ns, ton 700nS 
Typical 

® TTL, DTL, CMOS, PMOS Compatible 

® Non-Latching With Supply Turn-Off 

© Complete Monolithic Construction 

© industry Standard (DG200) 


Temperature 
Range 


— 25°C to + 85°C 

— 25°C to + 85°C 

— 25°C to + 85°C 
0°C to + 70°C 


FLAT PACKAGE . 
(outline dwg FD-2) 


v * (SUBSTRATE AND CASE) 


TOP VIEW 


TOP VIEW 


(SUBSTRATE) 
"I ‘NIC 


TOP VIEW 


SWITCH STATES. ARE FOR LOGIC ©: 
“1" INPUT (POSITIVE LOGIC) ..- 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, {MPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
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NOTE: All typical values have been characterized but are not tested. 


DG200 


DG200 


Q 
oe) 
nN 
a. 


‘DG200, 


ABSOLUTE MAXIMUM RATINGS 


MNS aes hase daaneecde Gawain hore: <36V NOTE: Stressessabove those listed under :“Absolute Maximum Ratings” 
Vt -Vp Beetle cys dat eect eee tts ue AS ean Gy tee ee 8 <30V may cause permanent damage‘to the device. These are stress ratings only 
ViVi. cersctcanudureeseeatienteromucteeuadsans <30V ‘and functional operation of the device at these or any other conditions 
Miji VG: satiate medi Saniasdeleurneacutes ateaatercuees <28V above those indicated in the operational sections of the specifications is not 
VineGND . <20V implied. Exposure to absolute maximum rating conditions for extended peri- 
IN eee ee ee ee eee eee ee eee nee ods may affect device reliability. 
Storage Temperature ................ —65°C to + 150°C 
Operating Temperature .............. — 55°C to + 125°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 
Power Dissipation .......... Ws esha aa ot ae Bits a 450mW 


(All Leads Soldered to a P.C. Board.) Derate 6mMW/°C Above 75°C. 


PROTECTION 
A RESISTOR 
INPUT 


Figure 2: Functional Diagram (1/2 DG200) 


ELECTRICAL CHARACTERISTICS (t,a=25°c, vt ae 15V, V- = —15V) 


_ °Per Channel Min/Max Limits 
Test 


Conditions... Military Com/’I/Industrial . 


Input Logic Gurrent {Vij =0.8V See Notes 2, 3 : 
Input Logic Current |Vij=2.4V See Notes 2, 3 


ls=10mA 
VANALOG= +10V 


I+ 
ok 
ro) 


i+ 
— 
io) 


0 


+15 


#2 


Switch OFF Leakage] Vana_log= — 14V to + 14V 
Current 


Switch OFF Leakage! Vanaitoa= — 14V to + 14V 
. {Current 


NOTE: All typical values have been characterized but are not tested. 
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‘DG200 


DG200 


—— ‘CHARACTERISTICS = (1,=25°C, v+ = + 15V, V- = — 15V) (Continued) 


| PerChannel Channel Min/Max Limits 
Test 


Symbol} Characteristic - Conditions Military Com'l/Industrial 


ON) Switch ON Leakage} Vp = Vs= — 14V to + 14V 
Sion) Current 
Switch “ON” Time |R_=1k®,, Vanaltoa 
See Note 1 = —10V to + 10V 
See Fig. 3 
toft Switch “OFF” Time | Ri = 1k, Vanatoc 
=-—10V to +10V 
See Fig. 3 


— 55°C + 125°C 


aa 
oO 


Oo 
on 


OIRR- |Min. Offlsolation |f=1MHz, RL = 1000, 
Rejection Ratio CL <5pF 
See Fig. 5 (Note 1) 
+ Power Supply Vin = OV or 
ae Quiescent Current | Vin =5V ipepsiadll ceca (cei ee 
owe SUPPly 4000 | 1000 | 2000 | 1000 
Quiescent Current 


CCRR_ | Min. Channel to One Channel Off 
Channel Cross 
Coupling Rejection aa 
Ratio 


NOTE 1: Pull Down Resistor must be < 2kN 
ANALOG INPUT ANALOG INPUT 


LOGIC INPUT 
a 7 (NOTE 1) BB 
probes D >-- — 


2: Typical values are for design aid only, not guaranteed and. not subject.to production testing. 


TEST CIRCUITS 


be 


Figure 3 Figure 4 Figure 5 


NOTE 3: All channels are turned off by high ‘‘1” logic inputs and all channels are turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range for 
switching properly. Peak input current required for transition is typically — 120A. 


NOTE: All typical values have been characterized but are not tested. 
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DG200 


'ps(on) VS Vp 
and Temperature - 


t eee Vt =a 18V 
100 tot VO = - 15V 


fOS(on) — ORAIN SOURCE 
ON RESISTANCE (OHMS) 
¢ 
‘| 
\ 


0 
~1§ -10 -§5 0 5 1 15. 
Vp — ORAIN VOLTAGE (VOLTS) 

0276-8 


ID(on) 
vs Temperature* 


Ip\on) — CHANNEL 
ON LEAKAGE CURRENT (nA) 


T — TEMPERATURE (°C) 


0276-10 


APPLICATIONS 


Using the Veer Terminal 


The DG200 has an internal voltage divider setting the 
TTL threshold on the input control lines for V+ equal to 
+ 15V. The schematic shown here with nominal resistor val- 
ues, gives approximately 2.4V on the Vref pin. As the TTL 
input signal goes from + 0.8V to + 2.4V, Q1 and Q2 switch 
states to turn the switch ON and OFF. 


If the power supply voltage is less than +15V, then a 
resistor must be added between VT. and the Vref pin, to 
restore +2.4V at Vagr. The table shows the value of this 
resistor for various supply voltages, to maintain TTL com- 
patibility. If CMOS logic levels on a +5V supply are being 
used, the threshold shifts..are less critical, but a separate 
column.of suitable values is given in the table. For logic 
swings of’—5V to +5V, no resistor is.needed. -: 


In general, the “low” logic level should be <0.8V to pre- 
vent Q1 and Q2 from both being. ON together (this will 
Cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic “low” level can 
be above 0.8V. In this case, HARRIS can supply parts with 
thresholds>1.5V, allowing the user to define the “low” 
as <1.5V (consult factory). The Vrer point should be set at 
least 2.6V above this “low” state, or to>4.1V. An external 
resistor of 27kN between V+ and Vper is required, for a 
+15V supply. 


NOTE: All typical values have been characterized but are not tested. 


| TYPICAL PERFORMANCE CHARACTERISTICS 
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DG200 


'ps(on) VS Vp and Power 
Supply Voltage 


tDSion) — DRAIN SOURCE 
ON RESISTANCE (OHMS) 


te) 
-1§ -10 $§ 0 $§$ 10 15 
Vo — ORAIN VOLTAGE (VOLTS) 


0276-9 
Is(ott) or ID(ot) 
vs Temperature” - 
z 
oe 
w 5 
ra 
> 
83 
w 
ze) 
~< 
4 
&3 
=a 
St 
=e) 
oz 
as 
2 
a 
Y — TEMPERATURE (°C) 
0276-11 


CMOS 
Resistor Resistor 
(kQ) (Kk) 


PROTECTION 
INPUT RESISTOR 


0276-12 


Figure 6. 


Ge HARRIS DG201 
Quad SPST 
CMOS Analog Switch 


DG201 


GENERAL DESCRIPTION FEATURES 
The DG201 solid-state analog switches are designed us- © Switches Greater Than 28V)., Signals With + 15V 
ing an improved, high-voltage CMOS monolithic technology. Supplies 
They provide performance advantages not previously avail- ® Break-Before-Make Switching to¢ = 250ns, 
able from solid-state switches. Destructive latch-up of solid- ton= Typically 500ns 
state analog gates has been eliminated by HARRIS’s © TTL, DTL, CMOS, PMOS Compatible 


CMOS technology. 


The DG201 is completely specification and pin-out com- Son-Eatening isla SUPP ly nen 
patible with the industry standard device. ¢ Complete Monolithic Construction 
® Industry Standard (DG201) 


ORDERING INFORMATION 


Industry Standard Temperature panacea 
Part Number Range g 
DG201AK — 55°C to + 125°C 16-Pin CERDIP 


DG201BK — 25°C to + 85°C 16-Pin CERDIP 
DG201CJ 0°C to + 70°C 16-Pin Plastic DIP 


v* (SUBSTRATE) 
VREF 


PROTECTION 
4 RESISTOR 


INPUT 0277-2 
Figure 2: Pin Configuration 
(Outline dwgs JE, PE) 


Figure 1: Functional Diagram DUAL-IN-LINE PACKAGE 


(14, DG201) 
Switch Open For Logic “1” Input 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 7-15 


DG201 


DG201 
ABSOLUTE MAXIMUM RATINGS 

VE1OV ceis okie Male ee ene Me Rees Se San eas <36V VINIOOGIND: oc ite poate nd eee ete a ned eens <20V 
NE TO Vij o's mck ecg ed bb ed aioe eng a emeh ou Bites oS <30V Current (Any Terminal) ....... deh ehua Girl Glan miclncy <30mA 
ViplOV > sheath wrnetee weasel Meee deawas odes <30V Storage Temperature ...... ieentesas BS C10 +1506 
Vj 10 Vevese eee aN ea tees Dosti aes Ce teres dame ida alee ays <28V Operating Temperature .............. — 55°C to + 125°C 
VeErION scocedee cot teeta tinea eae eeets <33V Lead Temperature (Soldering, 10sec) ..... iY, hare aac 300°C 
VRE IO VIN. osader kn elaweeosotedeeewasedease wales <30V Power Dissipation ........... Oe ee re 450mW 
WEEE IO GND). sacceds saan awareness nape uen e <20V Derate 6mW/°C Above 70°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DG201 ELECTRICAL CHARACTERISTICS §(Tq=25°C, V+ = +15V, V- = ~15v) 


Min/Max Limits 
Test 
+25°C |+70°C/+85°C 


Is=10mA 
VANALOG= + 10V 


Rps(on) Match 


Handling Capability i 


D(OFF) |Switch OFF Leakage|Vanatoa = ~ 14V to + 14V 
Current . 
Switch OFF Leakage! Vanatog= — 14V to +14V 
Current Loos 
Switch ON Leakage |Vp=Vs= +14V 

t+Ilg(ony |Current 


Switch “ON” Time |R_=1kQ, VanatoG 
See Note 2 =—10V to +10V 
See Figure 3 


toft Switch “OFF” Time |R_=1kQ, VanatoGg 
See Note 2 = —10V to + 10V 
See Figure 3 


Quins) [Charge Injection 


Min. Off Isolation f= 1MHz, Ry = 1000, 
Rejection Ratio Cy. < 5pF 
See Figure 5 


ITO + Power Supply Vin=OV to 5V 
Quiescent Current 
— Power Supply 
Quiescent Current 


CCRR Min. Channel to One Channel Off 
Channel Cross 

Coupling Rejection 

Ratio 


> 
a 
> 
— 
O 
G) 
> 
5 
D> 
fe) 
Co) 
” 
a 
= 
o> 


g =| 9) oz |z 
7a Qi} L |O {oO 
7 O Ojt le 
Ba Zi], 2-PF 

‘@) 

a> 

m 

~ 

3 

© 

oO 

Q 

pa 

m 

=) 

=] 

©. 


— 
oO 
S 


NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 


NOTE: All typical values have been characterized but are not tested. 


DG201 


DG201 


TEST CIRCUITS 


ANALOG INPUT 
10V 


ANALOG INPUT 2Vpp |@IMH2z 


LOGIC INPUT 


(NOTE a 


(Note 2) 
Figure 3 Figure 4 Figure 5 


NOTE 2: All channels are turned off by high ‘1’ logic inputs and all channels are turned on by low ‘'0” inputs; however 0.8V to 2.4V describes the min. range for 
switching properly. Peak input current required for transition is typically — 120A. Pull down resistor, if used, < 2KN. 


TYPICAL PERFORMANCE CHARACTERISTICS 


i 2. ws 
” 
23 es 
2 x =x 
g892 g8° 
as, Zo 
zz er 4 
ea e< 
26 ob 
lg a A—V+=+15V, V- 
ca of B—V+=412V,V- 
Bz BE C —V+=+10V, V- 
29° = o LO Vt =+8V.V~ = 
-15 -10 -5 0 5 10 15 
Vp — DRAIN VOLTAGE (VOLTS) 
0277-6 palit 
40 pepe 
z Gan Ga GD GEES SES SMEs ESESS ONES a a zt 
S «s 
ww Z 8 ui 
o0 oe Se 
qq — >> 
xr> 8 Oo 
Oo O a 
ic. Io 
<€ ~ 01 ES <3 
) eee su 
S$ —-eeeeeee Sul 
ad ‘Ses aa ES Cs Ds es ee es Cu 
SS ee oe rare 
are er Oo Ce a =2 
25 45 65 85 105 125 BS 
25 45 65 105 
T — TEMPERATURE (°C) a 85 125 
- T — TEMPERATURE (°C) 
77-8 
0277-9 


NOTE: All typical values have been characterized but are not tested. 
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DG201 


APPLICATIONS 


Using the Vager Terminal 


The DG201 has an internal voltage divider that sets the 
TTL threshold on the input control lines for V+ = 15V. The 
schematic is shown here, with nominal resistor values, giv- 
ing approximately 2.4V on the Vref pin. As the TTL input 
signal goes from +0.8V to + 2.4V, Q1 and Q2 switch states 
to turn the switch ON and OFF. 


If the power supply voltage is less than +15V, then a 


resistor needs to be added between V+ and Vper pin, to 


restore +2.4V at Vrer. The table shows the value of this 
resistor for various supply voltages, to maintain TTL com- 
patibility. If CMOS logic levels with a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of —5V to + 5V, no resistor is needed. 


In general, the “low” logic level should be <0.8V to pre- 
vent Q1 and Q2 from both being ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic ‘low’ level can 
be above 0.8V. In this case, HARRIS can supply parts with 
thresholds >1.5V(consult factory). The Vrer point should 
be set at least 2.6V above this “low” state, or to >4.1V. An 
external resistor of 27k and Vpe_er is required, fora +15V 


supply. 


NOTE: All typical values have been characterized but are not tested. 


DG201 


‘TTL CMOS 
Resistor Resistor 
(kQ) (kX) 


GATE 
PROTECTION 
INPUT RESISTOR 


Figure 6 


Gt HARRIS DG201A/DG202 
Quad Monolithic SPST CMOS 
-Analog Switches 


GENERAL DESCRIPTION FEATURES 
The DG201A (normally open) and DG202 (normally @ + 15V Input Signal Range 
closed) quad SPST analog switches are designed using © Low Rpson) (< 1752) 


Harris’ new 44V CMOS process. These bidirectional 


switches are latch-proof and feature break-before-make © TTL, CMOS Compatible 


switching. Designed to block signals up to 30V peak-to- * Latch Proof 

peak in the OFF state, the DG201A/DG202 offer the ad- ® True Second Source 
vantages of low on resistance (<1759), wide input signal ® 44V Maximum Supply Ratings 
range (+ 15V) and provide both TTL and CMOS compatibil- 


ity ® Logic Inputs Accept Negative Voltages 
The DG201A/DG202 are specification and pin-out com- 
patible with the industry standard devices. 


ORDERING INFORMATION 


DG201A 


Top View 
Figure 2: Pin Configuration 


Four SPST Switches Per Package* 
Truth Table 


0 ON OFF 
1 OFF ON 
Logic “0” < 0.8V 


Logic “1” = 2.4V *Switches Shown for Logic ‘1” Input 
Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307010-001 


NOTE: All typical values have been characterized but are not tested. 7-19 


DG201A/DG202 


DG201A/DG202 


DG201A/DG202 


ABSOLUTE MAXIMUM. RATINGS 


MPO sec ae a Bei te hha Gk yd Racig bh wareakeatoa se decays 44V Storage Temperature 
V7 to Ground penile Mk ae AL oot SRR oe ste he tt Me dt as oot os 25V C Suffix ale Parte, Wer fey Soeais Cen @. eee See et Ww Sie, areal Se ete — 65°C to 4 1 25°C 
Vin to Ground (Note 1) ........... (V- — 2V), (V+ + 2V) A &B Suffix ..... : ne Later ra Riar teats — 65°C to ae 
Vg or Vp toVt (Note 1) .......e.ee cece +2, (V- — 2V) ae Laure oldering, 10s) ............... 300 
S - + ower Dissipation* 
WS OF YD NO Wo NOE) ssipsan tec naan or CERDIP Package*® ..........ccccceeeeveuees 900 mw 
Current, Any Terminal ExceptSorD .............. 30 mA Plastic Package*** ............0cc cece ee eee 470 mW 
Continuous Current, S or Dy gape ee tah ig tee See 20 mA *Device mounted with all leads 
Peak Current, S or D soldered or welded to PC board.. 
(Pulsed at 1 ms, 10% duty cycle max) ........... 70 mA **Derate 12 mW/°C above 75°C 
Operating Temperature | ***Derate 6.5 mW/°C above 25°C 
C Suffix ..... ls A tate Saaneiat ok o°C to + 70°C NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
SUI: ast Soc cakes reeks Gees —25°C to + 85°C may cause permanent damage to the device. These are stress ratings only 
ASPIRE. 3.55. beet Ser ht ees bee —55°C to +125°C and functional operation of the device at these or any other conditions 


above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS v+ = 15v, v- = —15V, GND = ov, Ta = 25°C 
DG201AA/DG202A | DG201AB, C/DG202B, C 


Typ 
(Note 2) (Note 2) 


Symbol Parameter Test Conditions 


SWITCH 


ANALOG |Analog Signal 
| Range 
Rpsion) {Drain Source Vp = +10V, Vi, = 0.8V (DG201A) 
On Resistance |!s = 1 MA, Vin = 2.0V (DG202) 


Is(oft)  |Source OFF Vs = 14V, Vp = —14 
Leakage Current Vg = -14V, Vp = 14 


: 


a see |e 
Foot fro} | oor 


=A, ; —0.02 


<{< 


| 
‘ ro) 


ID(off) Drain OFF Vs = —14V,Vp = 14 
Leakage Current Vg = 14V, Vp = —14 


Drain ON Vin = 0.8V|Vp = Vs = 14V 

Leakage Current |(DG201A) | | 
Vin = 2.4V 
(DG202) 


: 


dk 


(oy) oi oO No — 
© -) (o>) oO 


= = 


Vp = Vs = — 14V 


INPUT 


ln [Input Current with| Vin = 2.4V 0 |-0.00041 | —1.0 |-0.0004 
Volare ON Mia oY 0.003 | 10] | 0.003 


| 
a 
oO 


| 
2 
ro) 
S 
S 
f& 
= = 
> > 


NOTE 1: Signals on Vs, Vp, or Vin exceeding Vt or V— will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2: Typical values are for design aid only, not guaranteed and not subject to production testing. 
3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 


4: Ip(on) is leakage from driver into ON switch. 


NOTE: All typical values have been characterized but are not tested. © 
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DG201A/DG202. 


ELECTRICAL CHARACTERISTICS v+ = 15v, v- = —15V, GND = OV, Ta = 25°C (Continued) 


DG201AA/DG202A 


DG201A/DG202 


DG201AB, C/DG202B, C 


om, 
=| 
< 
ae) 
— 


ao 

Oo 

io) 
oo) 
4) 


Note 2 


oO 
< 
= 
> 
= 
?) 


SUPPLY 
{+ 


Positive Supply 


Current = 


=| 
> 


All Channels ON or OFF || oe 
ate 


Negative Supply . 
Current 


Symbol Parameter Test Conditions Typ 
(Note 2) 

ton [Turn-ONTime loos Figure 3 || 480_ | | ne | 
Turn-OFF Time || 370 _| 450 | ns 
]Q____|Chargetnjection _|C_=1000pF.Rs=0Vs=ov | | 20 | | | 20 | | ec | 
Csvoft) Source OFF f = 140 kHz, Vj, = 5V, 

Capacitance Vs = OV ee ae PP 
Coiott) Drain OFF f = 140 kHz, Vin = 5V, . 
Poem Capacitance Vp = OV oo sie BE 
Cpvon) + {Channel ON f = 140 kHz, Vin = OV, 16 16 c 
Csion Capacitance Vs = Vp = OV P 
DIRR__|OFF isolation _|Vin = 8V, 2, = 759 ee se ee Me al 
CCRR  |Crosstalk (Channel| ¥S = 2-0V, f = 100 kHz 

to Channel) 

_ 


Be 
> 


+ 
> 
| 
ie) 
< 
O 
bn) 
(e) 
Zo) 
4?) 
s 
pe) 
os. 
=) 
a 
~ 
£49) 
3 
me) 
f40) 
x 
p00) 
= 
c 
x 
r.) 
x 
ped) 
p=) 
© 
00) 


SWITCH 


1 


oO 


Drain-Source 
ON Resistance 
Source OFF 
Leakage Current 


Zz 
> 
f= 
O 
q) 
> 
| 
2 
fe) 
a 
iH 
a 
| 
= 


Vp = +10V, Vin = 0.8V (DG201A) 
Is = 1 MA, Vin = 2.4V (DG202) 


Vin = 2.4V|Vs = 14V, Vp = —14V 
(DG201A) ly, = —14V, Vp = 14V| — 100] 
Vin = 0.8V 

Vg = —14V,Vp=14v] 


(DG202) 


Sot. 
Foo 
ice 
Fie 
ee 
heath 

ae 


Input Current with | Vin = OV 
-10 
Voltage Low 


NOTE 1: Signals on Vs, Vp, or Vin exceeding V+ or V~ will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 


Drain OFF 


Leakage Current Vs = 14V,Vp = —14V 


Drain ON Vp = Vs = 14V 
Leakage Current 
Ve = Vom = 14V 200 


A 


_ — ne) 
© oO on 
© © © 


> D D < 
= = L 
— — [o} 
2 


200 200 


Hemel 
a 
a 
=| 
= 


= 
> 


1 
200 


INPUT 


{ 


PLE 
~~ x 
= = 

Exes 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 
3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 


4: Ip(on) is leakage from driver into ON switch. 


NOTE: All typical values have been characterized but are not tested. 
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DG201A/DG202 


DG201A/DG202 


TEST CIRCUITS 


Logic “0” = SWON 


Locic* 
INPUT 


t.< 20 ns 
ts < 20 ns 


3V 


SWITCH 


INPUT Vs 


SWITCH 


OUTPUT 


torr 


*Logic Shown for DG201A, Invert for DG202. 


Re 


vo = ¥oe = 
Ri + Rpsion) 


SWITCH , SWITCH 
INPUTS, OUTPUT 
Vs =+#2VO : 


LOGIC 
INPUT 


4 yt (REPEAT TEST FOR INy,INz AND IN,) 
-15V 


Figure 3: ton and tors Switching Test 


O Vo 
C, = 1000 pF 


INy ON 


AVo = measured voltage error due to charge injection 


The error voltage in coulombs is AQ = GC, = AVo. 


Figure 4: Charge Injection Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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DG201A/DG202 


TEST CIRCUITS (Continued) 


DG201A/DG202 


SIGNAL 
GENERATOR 


ANALYZER 
CHAN A 


-15V 


C = 0.001 pF // 0.1 pF Vs 
Chip Capacitors DIRR = 20 Log Vo 


Figure 5: Off Isolation Test Circuit 


SIGNAL 
GENERATOR 


ANALYZER 
CHAN A 


C = 0.001 pF // 0.1 pF Vs1 
Chip Capacitors . _DIRR = 20 Log Vo2 


_ Figure 6: Channel to Channel Crosstalk Test Circuit 


NOTE: All typical values have been characterized but are not tested. 


DG211/DG212 


GENERAL DESCRIPTION 


The DG211 and DG212 are low cost, CMOS monolithic, 
QUAD SPST analog switches. These can be used in gener- 
al purpose switching applications for communications, in- 
strumentation, process control and computer peripheral 
equipment. Both devices provide true bidirectional perform- 
ance in the ON condition and will block signals to 30V peak- 
to-peak in the OFF condition. The DG211 and DG212 differ 
only in that the digital control logic is inverted, as shown in 
the truth table. 


DG211 and DG212 are available in 16-pin Dual-In-Line 
plastic packages or 16-pin small outline packages and are 
rated for operation over 0°C to 70°C. 


0278-1 


Four SPST Switches per Package 
Switches Shown for Logic ‘1” Input 


Truth Table 


Logic “0” <0.8V 
Logic “1”>2.4V 


Figure 1: Functional Diagrams 


DG211/DG212 


SPST 4-Channel Analog Switch 


FEATURES 

® Switches + 15V Analog Signals 

© TTL Compatibility 

® Logic Inputs Accept Negative Voltages 
© Ron< 175 Ohm 


ORDERING INFORMATION 


Range 


DG211CJ 0°C to + 70°C 16-Pin Plastic DIP 
DG212CJ 0°C to + 70°C 16-Pin Plastic DIP 
DG211CY 0°C to + 70°C 16-Pin SOIC 


DG212CY 0°C to + 70°C 16-Pin SOIC 


Dual-in-Line or S.0. Package 


0278-3 
TOP VIEW 


Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: Ail typical values have been characterized but are not tested. 


. 307020-002 


ABSOLUTE MAXIMUM RATINGS 


VE NO eee eae Ii lh ew 44V 
Vin 10. Ground? .22.c) wcutwares tun ene eee V-,Vt 
Vii lO Ground: scct sca ke eyed enese ities Se 88 —0.3V, 25V 
VEOrVHIOV BeseohiectSebaret ace Sores: 0, —36V 
VSOIrVnlOV™ cot Ataaceee jildek tateteceuasewex 0, 36V 
M10 GIOUnd sok 45 ea wae veda ee Leer dees ee 25V 
V0 GIOURG: Jos cs Sete aeutiryeaphada ooiietakiets —25V 
Current, Any Terminal ExceptSorD .............. 30mA 
Continuous Current, SorD ......... 0. cc eee eee 20mA 
Peak Current, S or D 

(Pulsed at 1msec, 10% duty cycle max) ......... 70mMA 
Storage Temperature ................ —65°C to + 125°C 


ELECTRICAL CHARACTERISTICS (1a=25°C) 


SWITCH 


Drain-Source On Resistance 
Source OFF Leakage Current 


Drain ON Leakage Current? 


INPUT 


NH Input Current With Input Voltage High VIN = 2.4V 
Vin = 15V 


lINL Input Current With Input Voltage Low | Vin=OV 


DYNAMIC 


ton Turn-ON Time 


SUPPLY 


Positive Supply Current 
es Negative Supply Current 
Logic Supply Current 


Test Conditions Limits 
Symbol Parameter Vi=+15V, Vo=-—15V, 


\VanaLoc | AnalogSignalRange |TV HSV tt 


Vp = +10V, Vin=2.4V — DG212 
Is=1mA, Vin= 


Vs=Vp= — 14V, Vin =0.8V, DG211 
Vin=2.4V, DG212 


tott1 Turn-OFF Time See Switching Time Test Circuit® 

toff2 Vs=10V, RL = 1k, CL = 35pF 

Source OFF Capacitance Vs=OV, Vin =5V, f= 1MHz2 

Drain OFF Capacitance Vp = OV, Vin =5V, f= 1MHz2 

Channel ON Capacitance Vp=Vs=0V, Vin=OV, f= 1MHz2 
ion4 

OIRR | OFF Isolation Vin=5V, RU= 1k, C.=15pF, 


Crosstalk Vg= 1VRMS, f= 100kHz2 
CCRR (Channel to Channel) 5 


Vin=0 and 2.4V 


DG211/DG212 
Operating Temperature ................... 0°C to + 70°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 
Power Dissipation (Package)* 
16:Pin: Plastic DIP 4 cx dcanwiiia Cbsasade berets 470mW 


* Device mounted with all leads soldered or welded to PC board. 
** Derate 6.5mW/°C above 25°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


0.8V — DG211 
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NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 


2. For design reference only, not 100% tested. 
3. ID(on) is leakage from driver into “ON” switch. 


V 
4. OFF Isolation = 20log TR , Vg =input to OFF switch, Vp = output. 
D 


5. Switching times only sampled. 


NOTE: All typical values have been characterized but are not tested. 
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DG211/DG212 


DG211/DG212 


Switch output waveform shown for Vs=constant with 
logic input waveform as shown. Note the Vs may be + or 
— aS per .switching:time test circuit. Vo is the steady state 
output with switch. on. Feedthrough via gate capacitance 


may result in spikes at leading and trailing edge of output 


waveform. 


Locic* 
INPUT (IN) 


t, << 200s 
ty< 20 ns 


SWITCH y 
INPUT 


SWITCH 
OUTPUT (Vo) 


Figure 3: Switching Time Test Circuit 
Logic shown for DG211. Invert for DG212. 


NOTE: All typical values have been characterized but are not tested. 
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*DG211/DG212 


SWITCH 
INPUT SWITCH 
$1 OUTPUT 


Vs = 10V 0 


IN4 


LOGIC 
INPUT 


— 15V 


Vv Vv RL 
ore RL + rps(on) 


: 0278-5 
Figure 4: Switching Time Test Circuit 


_ Figure 5: DG212 Schematic (1/4 as shown) 


™ HARRIS DG300A/DG301A/ 


LE semiconbdDUCTOR 
DG302A/DG303A 
TTL Compatible 
CMOS Analog Switches 


GENERAL DESCRIPTION ORDERING INFORMATION 


The DG300A-303A family of monolithic CMOS switches 


are a truly compatible second source of the original manu- 
facturer. The switches are latch-proof and are designed to 
block signals up to 30 volts peak-to-peak when OFF. Fea- 
turing low leakage and low power consumption, these 
switches are ideally suited for precision application in instru- 
mentation, communication, data acquisition and battery- 
powered applications. Other key features include Break- 
Before-Make switching, TTL and CMOS compatibility, and 
low ON resistance. Single supply operation (for positive 
switch voltages) is possible by connecting V~ to 0 volts. 

The DG300A-—DG303A family is available over commer- 
cial, industrial, and military temperature range. 


FEATURES 


® Low Power Consumption 


© Break-Before-Make Switching tos 130 ns, to, 150 ns 
Typical 


© TTL, CMOS Compatible . 
© Low Rps(on) ($502) 
® Single Supply Operation 
© True Second Source 


DG300A/301A/ -55°C to +125°C | 14-Pin CERDIP > 
302A/303AAK 

DG300A/301A/ -25°C to +85°C 14-Pin CERDIP 
302A/303ABK 

DG300A/301 A/ 0°C to +70°C 14-Pin CERDIP 
302A/303ACK 

DG300A/301A/ 0°C to +70°C 14-Pin Plastic DIP 
302A/303ACJ 


DG300A/301AAA | -55°C to +1259C | 10-Pin Metal Can . 
DG300A/301 ABA -25°C to +85°C 10-Pin Metal Can 


DG303ACY 0°C to +70°C 16-Pin SOIC 


DG300A/DG301A/DG302A/DG303A 


DG300A Metal Can Package Dual-In-Line Package 


V*(SUBSTRATE and CASE) 


Top View 


16 Lead SOIC 


TOP VIEW © 
Two SPST Switches per Package* 


Truth Table 


Logic “0” < 0.8V 
Logic “1” = 4.0V 


*Switches Shown for Logic ‘1’ Input 


Figure 1: Functional Diagrams Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307025-001 


NOTE: All typical values have been characterized but are not tested. 7-27 


DG300A/DG301A/DG302A/DG303A 


DG300A/DG301A/DG302A/DG303A 


DG301A Metal Can Package 


v*(SUBSTRATE and CASE) 


Top View 
One SPDT Switch per Package* 


Truth Table** 


DG302A 


Truth Table** 


Truth Table** 


Two SPDT Switches per Package’ 
Figure 1: Functional Diagrams (Continued) 


NOTE: All typical values have been characterized but are not tested. 
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Dual-In-Line Package 


Top View 


Dual-In-Line Package 


Top View 


Top View 
*Switches Shown for Logic “1” Input 
**Logic “0” < 0.8V, Logic 1" > 4.0V 
Figure 2: Pin 
Configurations 
(Continued) 


DG300A/DG301A/DG302A/DG303A 


ABSOLUTE MAXIMUM RATINGS 


VION uuen? 2 eae ea en eee eas tose oe wees 44V 
V= (OQLOUNG ool nn oes eck Swe ora Dandi ok wees —25V 
Vin to Ground (Note 1)............ (V— — 2V), (V+ + 2V) 
Vs orVp to V+ (Note 1) ................. +2,(V— — 2V) 
Vs or Vp to V- (Note 1) ................. —2,(Vt + 2V) 
Current, Any Terminal Except SorD............... 30 mA 
Continuous Current, SorD .............c eee eee eee 30 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max) .......... 100 mA 
Operating Temperature 

C SUM ohwetet sete ete eee de nee 0°C to + 70°C 

B OUTIX. oti sane tdu eee estate nwcret es — 25°C to + 85°C 


Fy SUM sd oh sui bbe b eee eee see — 55°C to + 125°C 


Storage Temperature 


C SUM: ocon. de eae ase weiner —65°C to + 125°C 

ASB SURIX: cave wise ea denwewawan —65°C to + 150°C 
Lead Temperature (Soldering, 10s) ................ 300°C 
Power Dissipation* 

CERDIP: Package” * s.5cc0¢achsatekid can dades 825 mW 

Plastic Package bes -ctec vai akn en he wean 470 mW 

Metal Canteens occ o px aaiba edgy age roew woe way 450 mW 


*Device mounted with all leads soldered or welded to PC board. 
**Derate 11 mW/°C above 75°C 

***Derate 6.5 mW/°C above 25°C 

****Derate 6 mW/°C above 75°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS v+ = 15v,V- = -15V, GND = OV, Ta = 25°C 


Symbol Parameter 


SWITCH 


INPUT 


INL Input Current {Vin = OV 
w/Voltage Low 


DYNAMIC. 


Drain OFF Capacitance 


NOTE: All typical values have been characterized but are not tested. 


Test Conditions 


NH Input Current Vin = 5.0V 
w/Voltage High Vin = 15V 


fon Turn-ONTime___ soe Figure 5 
top —s«[Turn-OFF Time ? 
| Break-Before-Make See Figure 4 DG301A/303A 
Interval | | 
Q __|Charge Injection. GC, = 1 pF, Rg = 0, Vs = 0 
so) ____ [Source OFF Gapacitance|f = 1MHz|Vs=0 —s| 


DG300A-DG303AA |DG300A-DG303AB/C 


z 
Oo -l 
o> << 
io} 
N) 
i 
om, 
e 
OG 
KX 


Vanaiog [Analog SignalRange [p= T0mA Vg OBverV] 8] | 8 [wT | [v_ 
Posts PranSove aaw™ | [ole] [ola] 
ee a 
ae ee a eo oe kc ep 
Ys [ot -or| sf] || 
ae ae vow | fe t+{ fers | 
vee ty [= [oof | -s[-o[ 
Vp = Vs = 14V mf 
Leakage Current Vp = Vs = —14V) =2 || -07 | | =5 | -o1 | 


| 
Oo 
oO 
(oe) 
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Ar 
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a_ —_ 
a fou on 
; Nh | o@ 
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DG300A/DG301A/DG302A/DG303A 


DG300A/DG301A/DG302A/DG303A 


DG300A/DG301A/DG302A/DG303A 


ELECTRICAL CHARACTERISTICS v+ = 15v,V- = —15v, GND = OV, Ta = 25°C (Continued) 


DG300A-DG303AA | DG300A-DG303AB/C 


Typ 
(Note 2) 


‘Parameter Test Conditions 


DYNAMIC (Continued) 
Cin 


Vin = 0, Ru = 1k 


= 
Vs = 1Vpos; f = 500 kHz a 
0.5 | 
Es 


DIRR (Note 4) 


“NJ 
db 


ne) 
pa le 


‘@) 
@) 
DD 
D 


” 
Cc 
v0 
a?) 
re 
< 


}+ Positive Supply Current | Vin, = 4V (One Input) 
+ 


Negative Supply Current | (All Others = 0) /—10| 
Positive Supply Current _ || 0,001 | 
Vin = 0.8V (All Inputs) 
Negative Supply Current /—10| -0.001] 


Ta = over operating temperature range 


—hk 


= 


~~ 
© 
| | 
© oO 
ele [3 
>I|>li>l|> 


DG300A-DG303AA |DG300A-DG303AB/C 
Typ Typ 
(Note 2) (Note 2) 


Is = 10 MA, Vin = 0.8V or 4V P15 | | 


Drain-Source . = —10mA, Vp = 10V 


Parameter Test Conditions 


¢, 


WITCH 


Analog Signal Range —15 


| 
| 
| 
~J 


<|< 
0 |” 
| 


= Vg = 14V Pt 
Vp = Vs = may 


| Lis | v | 
eae a De a ae 

ee | Is=10mAVo=-toy | | 7 | | 7s | 
SourceOFF Vs=14VVp=-14v | | | too | | too |, 
Infor) [Drain OFF Vs=—-14V,vp=14v {| | too | | | too |, 
ogee ae a : 


— 
© 
© 


ID(on) Drain ON 
Leakage Current 
Input Current 


| earl an 
w/Voltage High Wy = 18V aaa es ee a NE ae 
aad TTT Te 
w/Voltage Low S 
i+ [Positive Supply Current. |Vin = av (One Input) = a oa. ke 
Negative Supply Current|(All Others = 0) EC) ee ee ee ee 
Negative Supply Current). bee 


NOTE 1: Signals on Vs, Vp, or Vix exceeding V+ or V- will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 


z 
2 
S 
Zz 
i 
al 
° 
< 


2: For design only, not 100% tested. 
3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. . 


4: OFF isolation = 20 log Vs/Vp, where Vs = input to OFF switch, and Vp = output. 


NOTE: All typical values have been characterized but are not tested. 
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DG300A/DG301A/DG302A/DG303A 


SWITCHING INFORMATION 


oe 0091-10 
AVo A Measured Voltage Error Due to Charge Injection. 


The Error Voltage in Coulombs is AQ = Ci X AVo. 


DG300A/DG301A/DG302A/DG303A 


Figure 3: Charge Injection Test Circuit 


y., LOGIC'1" =SWITCH ON 

INH 

INPUT gy : 

SWITCH a 

OUTPUT Vor —_ a 
y tee | 
$2 

SWITCH Yo2 50% 

OUTPUT ov 


0091-12 


SWITCH 
OUTPUT 


0091-13 


LOGIC y LOGIC "1" =SWITCH ON SWITCH 


INPUT 
t-<20ns gy 
ts<20 ns 


50% 


SWITCH 
OUTPUT oy ae 


0091-14 


0091-15 


Figure 5: ton and to¢¢ Switching Test 


NOTE: All typical values have been characterized but are not tested. 
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DG308A/DG309 


jw) 


mn RIS 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The DG308A/DG309 quad monolithic SPST CMOS 
switches are latch-proof and are designed to block signals 
up to 30 volts peak-to-peak when OFF. Featuring low ON 
resistance, low power consumption, and rail-to-rail analog 
signal range, these switches are ideally suited for high 
speed switching applications in communications, instrumen- 
tation and process control. The DG308A “‘normally-closed” 
and DG309 ‘‘normally-open” switches have single and dual 
supply capability. The input thresholds are CMOS compati- 
ble. 


The DG308A/DG309 switches are available over com- 
mercial, industrial, and military temperature ranges. 


~ ORDERING INFORMATION | 


DG308ACY/309CY 


DG308A 


Four SPST Switches Per Package 


Truth Table 


Logic “0” < 3.5V 
Logic 1” = 11V 


Switches Shown for Logic ‘‘1” Input 
Figure 1: Functional Diagrams 


Temperature Range 


— 55°C to + 125°C 16-Pin CERDIP 


— 25°C to + 85°C 
0°C to + 70°C 


DG308ACJ/309ACJ 0°C to + 70°C 16-Pin Plastic DIP 


0°C to + 70°C 


DG308A/DG309 


Quad Monolithic SPST CMOS 


Analog Switches 
FEATURES 


® Low Power Consumption 

© CMOS Compatible 

e +15V Analog Signal Range 

® Single or Dual Supply Capability 
e Alternate Source 


16-Pin CERDIP 
16-Pin CERDIP 


16-Pin SOIC 


16 LEAD DIP 
16 LEAD SOIC 
TOP VIEW 


13") V+ (Substrate) 


Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


307035-003 


DG308A/DG309 3 
o 
vy ] 
o 
ABSOLUTE MAXIMUM RATINGS a 
Vt+toV- ..... tae batalcce ae tendo ah count eee 44V Storage Temperature <q 
eM «noe tat cont et hate Pat, Re _osy CO Sufi ctiaeteeiaceee seen estes —65°Cto+125C @ 
Vin to Ground (Note 1) ....... 0000. (V- — 2v), (V+ + 2v) de Suffix. .... : ‘ See aa —65°C to + i fe 
Vg or Vp toV+ (Note 1).........0c cece ee. +2, (V- — 2V) mi sa atnareh, oldering, 10 sec).............. 300°C a 
Se: = 4: ower Vissipation 
SOU MD Os NOLS Uae ereceaen aes ar ey) CERDIP Package**............c0ceceeveeees 900 mW 
Current, Any Terminal ExceptS orD............... 30 mA Plastic Package*** .......... ccc cece eee eens 470 mW 
Continuous Current, SorD ...............e eee ee 20 mA *Device mounted with all leads soldered or welded to PC board. 
Peak Current, S or D **Derate 12 mW/°C above 75°C 
(Pulsed at 1 ms, 10% duty cycle max)............ 70 mA ***Derate 6.5 mW/°C above 25°C 
Operating Temperature NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
C Suftix O°C to +70°C may cause permanent damage to the device. These are stress ratings only 
Ci. coe cee nee cn ae 2 5°C to + 85°C and functional operation of the device at these or any other conditions 


. - above those indicated in the operational sections of the specifications is not 
= ° ° 

A SUffIX 2.6. eee eee eee ee, 55°C to + 125°C implied. Exposure to absolute maximum rating conditions for extended peri- 

ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS v+ = 15v,v- = —15vV, GND = OV, Ta = 25°C 


ok DG308AA, DG309A DG308AB/C, DG309B/C 
Parameter Test Conditions 
Typ(Note 2 Typ(Note 2) 


SWITCH 


|Vanatoa _| Analog Signal Range 

Rps(on) Drain-Source ON Vi. = 11V 

Resistance (DG308 A) 

ID(on) Drain ON Vin = 3.5V 
|| Leakage Current (DG309) 

’ Hsyoff) Source OFF V;. = 3.5V 

Leakage Current (DG308 A) 

ID(off) Drain OFF Vin = 11V 
Leakage Current (DG309) 


lINH Input Current Vin = 15V 
w/ Voltage High 
HNL Input Current. Vin = OV 
w/Voltage Low 
ton Turn-ON Time See Figure 4 
Turn-OFF Time 
CL = 1 pF, Rs = 0, Vs = 0 


Charge Injection 
Vs =0 


Source OFF 

Capacitance = OV (DG308A 
= 15V (DG309) 

Vp = 0 

= OV (DG308A) 

= 15V (DG309) 


Vs = Vp =0 
Vin = 15V (DG308A) 
Vin = OV (DG309) 
Vin = OV (DG308A) 
Vin = 15V (DG309) 
ZL = 752, Vg = 2Vp.p f = 500 kHz 


on 


| | EN 
ad oO 


s = —1MA,Vp = — 
s = 1mMA, Vp = —10 

= Vs = 14V 

= Vs = —-14V 
Vs = 14V, Vp = —14 
Vs = —14V,Vp = 14 
Vs = —14V,Vp = 14 
Vs = 14V, Vp = —14V- 
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Nh 
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‘| Drain OFF 
Capacitance 
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al 


Capacitance 


on 
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ao) ao) ue) 
Tn mal @) 


OIRR (Note 4) | OFF Isolation 
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~ nM an | 
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NOTE: All typical values have been characterized but are not tested. 
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DG308A/DG309 


DG308A/DG309 - 


ELECTRICAL CHARACTERISTICS v+ = 15v,v- = —15V, GND = OV, Ta = 25°C 


, DG308AA, DG309A DG308AB/C, DG309B/C 
Parameter pest Conditions Typ Typ 
(Note 2) (Note 2) 


SUPPLY 


Ta = over operating temperature range 
DG308AA, DG309A - 


Typ 
(Note 2) 


io 
fo | 
Fo | 
I 
ei 


DG308AB/C, DG309B/C 


Symbol Parameter Test Conditions 


4 
< 
TS 


= 
on 


(Note 2) 


Analog Signal Range 
poser pansorwen fas 
(DG308A) 
ID(on) Drain ON Vin = 3.5V 
Leakage Current (DG309) 
laa [ener Core 
: (DG308A) 
ID(oft) Drain OFF Vin = 11V 
Leakage Current (DG309) 
1 


NINL Input Current AVi OV = 4 
w/Voltage Low 


Positive Supply Current | Vin = OV or 15V | | 100 | fe 4 
Negative Supply Current a aa — 100 Reed 


NOTES 1: Signals on Vs, Vp or Vi, exceeding Vt or V— will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 


ls = —1 MA, Vp = 10 
Is = 1mA, Vp = —10 
Vp = Vs = 14V 
Vp = Vg = —14V 
Vs = 14V, Vp = —14 
Vg = —14V,Vp = 14 
Vg = -14V,Vp = 14 
Vg = 14V,Vp = -14 


© 


oO 


125 
125 
200 

1 
100 


oO 
>) 


— 200 


< 


ah 


—_— 


100 


peace 
ae aS: 


A 


ce 
EB 


nA 
nA 
nA 
pA 
pA 
pA 


2: Typical: values are for design aid only, not guaranteed and not subject to production testing. 
3: The algebraic convention whereby the most negative value is a minimum, and the-most positive.value is a maximum, is used in this data sheet. 


4: OFF isolation = 20 log Vp/Vs, where Vs = input to OFF switch, and Vp = output. 


SWITCHING INFORMATION 


LOGIC "1" = SWITCH ON (Invert for DG309) 
LOGIC INPUT 
t< 20 ns 
te< 20 ns 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


Re 


Vo =Ve = 
> Ri rps(on) Vin =!5V 


0110-4 
Figure 3: ton and tore Switching Test 


NOTE. All typical values have been characterized but are not tested. 
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DG308A/DG309 


DG308A/DG309 


Figure 4: DG308A Schematic Diagram (One Channel) 


NOTE: All typical values have been characterized but are not tested. 
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HI-200 


@ HARRIS =—*wHHI-200 


Dual SPST CMOS Analog Switch 


Features : | Description , 
e Analog Voltage Range .... sued ae Ltatera evacavesten ass +15V_—_HI-200 is a monolithic device comprising two independent- 


ly selectable SPST switches which feature fast switching — 

speeds (240ns) combined with low power dissipation 

¢ Turn-On Time : (15mW at +25°C). Each switch provides low “ON” 

resistance operation for input signal voltages up to the 
supply rails and for signal currents up to 80mA. Employing 

¢ Low Power Dissipation Dielectric Isolation and CMOS processing, HI-200 

e TTL/CMOS Compatible operates without any applications problems induced by 

; latch-up or SCR mode phenomena. 


e Analog Current Range ............ Siew guatieweles | 


¢ Low Ron 


. All devices provide break-before-make switching and are 
Applications TTL and CMOS compatible for maximum application versa- 
tility. HI-200 is an ideal component for use in high frequen- 
cy analog switching. Typical applications include signal 
-@ Sample and Hold Circuits path switching, sample and hold circuit, digital filters, and 

© Digital Filters op amp gain switching networks. 


e High Frequency Analog Switching 


© Operational Amplifier Gain Switching Networks HI-200 is available in DIP and (TO-99) Metal Cans. 
HI-200-2 is specified from -559C to +125°C while HI- 
200-5 operates from 0°C to +75°C. HI-200 is functionally 
and pin compatible with other avalape “200 series” 
switches. 


Pinouts | | Functional Diagram 

| TOP VIEWS | | 
HI-200 DIP, SOIC HI2-0200 
TOP VIEW TOP VIEW 


SWITCH OPEN 
FOR LOGIC HIGH 


See 


CASE TIED TO V- 


Ordering In formation - 


_ | PARTNUMBER TEMPERATURE RANGE | package | 


HI2-0200-5 0°C to +75°C -10-Pin Metal Can. 
HI1-0200-5 OCC to+759°C | 14-Pin CERDIP — 
HI2-0200-4 = | |. =~ 25°C to +85°C | > 10-Pin Metal Can 
Hi3-0200-5 | 0°C to +75°C |) 14-Pin Plastic DIP 
HI2-0200-7. ss |. OPC to +75°C + 96 Hr. Burn-in 10-Pin Metal Can | 
-HIW-0200-7, «| = OPC to +75°C +. 96 Hr. Burn-in aes 14-Pin CERDIP 
‘| HIiW-0200-2... |) 55°C to +125°C © |) 14-Pin CERDIP™ 
| HI1-0200-4.. | 25°C to+85°C = 14-Pin CERDIP 
ie 02002 So =§5°C to tere : 10-Pin Metal Can | 


‘CAUTION: These devices are sensitive to electrostatic  dacharoe Proper! . c. handling procedures should be followed. 


Specifications HIl-200 


Absolute Maximum Ratings 


SUPDIY VOlladGan sy. dike ee eee ee dotesh eedde esa We 44V (+22) 
VR EF tO GIOUnd secs eee eee reese +20V, -5V 
Digital Input Voltage ..... Shae eens Geewetee ies +VsuPPLY +4V 
-VSUPPLY ~4V 

Analog Input Voltage (One Switch) ............ +VSUPPLY +2.0V 
-VSUPPLY ~2.0V 

Total Power Dissipation*® ......... 0... 0c cc cece cece eaee 450mW 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; VaeF = Open; VaH (Logic Level High) = 2.4V, 


Operating Temperature Range 


PU OO ae oor seared eee eae os oon erate a Rx ee -559C to +125°9C 
PH 20064 eis oon eb Pia we ate ei Bee Ss AOA es -250C to +859C 
Hl 2006 ve oees He ate ies ie ee See wad 0°C to +759C 
Storage Temperature......5..... cece cece eee -~65°C to +150°C 


*Derate 6mW/°C Above Ta = +759C 


Vat (Logic Level Low) = +0.8V 


PARAMETER 
ANALOG SWITCH CHARACTERISTICS 
Vs, Analog Signal Range 
RON, On Resistance (Note 1) 


IS(OFF) Off Input Leakage Current (Note 6) 


ID(OFF): Off Output Leakage Current (Note 6) 


ID(ON): On Leakage Current (Note 6) 


DIGITAL INPUT CHARACTERISTICS 


VAL; Input Low Threshold 
VAH;: Input High Threshold 
1A, Input Leakage Current (High or Low) (Note 2) 


SWITCHING CHARACTERISTICS 


tOPEN, Break-Before Make Delay (Note 3) 
ton, Switch On Time 

torF, Switch Off Time 

“Off Isolation” (Note 4) 

CS(OFF) Input Switch Capacitance 
CD(OFF), 
CD(ON) 
Ca, Digital Input Capacitance 

CDS(OFF), Drain-To-Source Capacitance 


Output Switch Capacitance 


POWER REQUIREMENTS (Note 5) 


Pp, Power Dissipation 
I+, Current 


I-, Current 


NOTES: 

1. VouT = £10V, lout = 1mA 

2. Digital Inputs are MOS gates — Typical Leakage is Less Than 1nA. 
3. VaH = 4.0V. 


4. Va = 5V, RL = 1kQ, Cy = 10pF, Vs = 3VRwms; f = 100kHz. 
5. Va = +3V or Va = OV for Both Switches. 
6. Refer to Leakage Current Measurement Diagram on Page 3-8. 


**NOTE: HI-200-4 Has Same Specifications as HI-200-5 Over the Temperature Range -20°C to +85°C. 
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HI-200 


HI-200 


Schematic Diagrams 


TTL/CMOS REFERENCE CIRCUIT 
| V-REF CELL 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


ALL N-CHANNEL BODIES TO V- 
ALL P-CHANNEL BODIES TO V+ 
EXCEPT AS SHOWN. 


HI-200 | 
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SWITCH CELL 


OUTPUT 


H!I-200 


Performance Characteristics and Test Circuits 
Unless Otherwise Specified: Ta = +259C, VsyuppLy = £15V, VaH = 2.4V, Vat = 0.8V and VrRer = Open 


HI-200 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 


mA 


On Resistance - Ohms 


Ambient Temperature - °C 


(HI-200) 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


UL 
eine 


On Resistance - Ohms 


- 
re i ee 
ae ae 

5 


Analog Signal Level - Volts 


7-39 


Hi-200 


HI-200 


Performance Characteristics and Test Circuits 


SWITCH LEAKAGE CURRENT vs. TEMPERATURE ~ 
(Hi-200) 


100 


ae Pee 
aie DERRRS 
ae 4 


we: | 


= 
Sez 
See 
f |_| 
= 
I 


N TN 


Current -nA 


as 
cok 


aime? eteeesd 
aca EER (ay AAR 
Eee Ga dee 
een » ees 
eee 


vA 


+25°C +50°C +75°C +100°C +125°C 
Temperature 


0.1 


SWITCH CURRENT vs: VOLTAGE 


Switch Current -mA 
> ao fos) 
[om] o oOo 


w 
So 


Voltage Across Switch - Volts 
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(Continued) 


OFF LEAKAGE CURRENT vs. 
TEMPERATURE 


Is (OFF) 


ON LEAKAGE CURRENT vs. 
TEMPERATURE 


Ip (OFF) 


SWITCH CURRENT vs. 
VOLTAGE 


H!I-200 


Performance Characteristics and Test Circuits (Continued) 


(HI-200 
SWITCH TIME vs. TTL LOGIC LEVEL 


ON/OFF SWITCH TIME vs. LOGIC LEVEL 


C) +10V IN 


Switch Time - ns 


MAKE-BEFORE-— 
BREAK 


TTL Logic Level (VAy)- Volts - 


Switching Waveforms 


pigitaL — VA=4.0V 


INPUT 


SWITCH 
OUTPUT 


ton: torr (TTL INPUT) . ton. torr (CMOS INPUT) 
VAH = +4.0V Vrer = OPEN, Vay = +15V 


Sei eel 
Seiimeaeiiee 
pt Wl | i | I 


TOP: TTL Input VERTICAL: 2V/Div. 
BOTTOM: Output HORIZONTAL: 200ns/Div. BOTTOM: Output 


TOP: CMOS Input VERTICAL: 5V/Div. 
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HORIZONTAL: 200ns/Div. 


HI-200 


a} HARRIS 


HI-201 


Quad SPST CMOS Analog Switch 


September 1991 


Features 

¢ Analog Voltage Range 
e Analog Current Range 
e Turn-On Time 

© Low RON 

e Low Power Dissipation 
e TTL/CMOS Compatible 


Applications 

e High Frequency Analog Switching 
e Sample and Hold Circuits 

e Digital Filters 


e Operational Amplifier Gain Switching Networks 


Pinouts HI1-201-X 
16 PIN DIP 


TOP VIEW 


Ordering Information 


Description 


HI-201 is a monolithic device comprising four independent- 
ly selectable SPST switches which feature fast switching 
speeds (185ns) combined with low power dissipation 
(15mW at +25°C). Each switch provides low “ON” 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to 80mA. Employing 
Dielectric Isolation and CMOS processing, HI-201 
operates without any applications problems induced by 
latch-up or SCR mode phenomena. 


All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa- 
tility. HI-201 is an ideal component for use in high frequen- 
cy analog switching. Typical applications include signal 
path switching, sample and hold circuit, digital filters, and 
op amp gain switching networks. 


HI-201 is available in a 16 lead Dual-In-Line package. 
Hi-201-2 is specified from -559C to +1259C while HI- 
201-5 operates from O°C to +75°C. HI-201 is functionally 
and pin compatible with other available “200 series” 
switches. ' 


HI-201 


20 PIN PLCC, LCC 
TOP VIEW 


i] 
< 


- 9 
< Zz 
[2] [tt [20 


PART NUMBER TEMPERATURE RANGE | pACKAGE 


HI1-0201-7 0°G to +75°C +96 Hr. Burn-in 16-Pin Ceramic DIP 
HI1-0201-5 09°C to +759C 16-Pin Ceramic DIP © 
HI1-0201-4 ~259C to +85°C 16-Pin Ceramic DIP 
HI4P0201-5 0°C to +75°9C 20-Pin PLCC 
HISP0201-5 0°C to +75°C 16-Pin SOIC 
HI9P0201-9 ~40°C to +85°C 16-Pin SOIC 
HI1-0201-2 -559C to +1259C 16-Pin Ceramic DIP 
HI3-0201-5 09°C to +75°C 16-Pin Plastic DIP 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HI-201 


Absolute Maximum Ratings 


Supply Voltage Between Pins 4and13............... 44V (+22) 
Ver to GIOuUnd:..< oes. s.wiwce ds each Vaatee ous ds +20V,-5V 
Digital Input Voliage: <.:..cce seeped i saen eas +VSUPPLY +4V 
~VSUPPLY -4V 

Analog Input Voltage (One Switch) ............ +VSUPPLY +2.0V 
-VSUPPLY ~2.0V 

Analog Current — Continuous, Peak ............... 30mA, 80mA 
Total Dissipation® «2.3... ces iw iw ei S56 « ba tered ace ween 750mW 


Operating Temperature Range 


Be 2012 i ee ee eee ee he ea as -55°0C to +1259C 
ENE 201 HAG co sek Oe teeta inte bee eheaee -259C to +85°C 
PH 2O1 SS eds eek erect ese eet beheweGes 0°C to +75°C 
Storage Temperature........ 0... ccc cee eee ee -65°C to +150°C 


*Derate 8mMW/°C Above Ta = +75°C 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; VRer = Open; Vay (Logic Level High) = 2.4V, 
Va (Logic Level Low) = +0.8V 
For Test Conditions Consult Peformance Characteristics 


PARAMETER 
ANALOG SWITCH CHARACTERISTICS 
Vs, Analog Signal Range 
RON, On Resistance (Note 1) 
IS(OFF), Off Input Leakage Current (Note 6) 


ID(OFF): Off Output Leakage Current (Note 6) 


ID(ON), On Leakage Current (Note 6) 


DIGITAL INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
VAH, Input High Threshold 
Ia, Input Leakage Current (High or Low) (Note 2) 


SWITCHING CHARACTERISTICS 


tOPEN: Break-Before Make Delay (Note 3) 
tON, Switch On Time 


tOFF, Switch Off Time 


“Off Isolation” (Note 4) 

Cs(OFF): Input Switch Capacitance 
CD(OFF): 
CD(ON): 
Ca, Digital Input Capacitance 

Cps(OFF), Drain-To-Source Capacitance 


Output Switch Capacitance 


POWER REQUIREMENTS (Note 5) 


Pp, Power Dissipation 
I+, Current (Pin 13) 


I~, Current (Pin 4) 


NOTES: 

1. VouT = £10V, lout = 1mA 

2. Digital Inputs are MOS gates — Typical Leakage is Less Than 1nA. 
3. VAH = 4.0V. 


HI-201-2 
-559C to +125°9C 


HI-201-5** 
0°C to +75°C 


4. Va = SV, RL = 1k, Cy = 10pF, Vs = 3VRmsg, f = 100KHz. 
5. Va = +3V or Va = OV for All Switches. 
6. Refer to Leakage Current Measurement Diagram on Page 3-8. 


**NOTE: HI-201-4 Has Same Specifications as HI-201-5 Over the Temperature Range -25°C to +859C. 
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HI-201 


H!I-201 


Schematic Diagrams 


TTL/CMOS REFERENCE CIRCUIT 
V-REF CELL SWITCH CELL 


OUTPUT 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


200 


ALL N-CHANNEL BODIES TO V- 
ALL P-CHANNEL BODIES TO V+: 
EXCEPT AS SHOWN. 


Functional Diagram 


TYPICAL SWITCH 


SWITCH OPEN 
FOR LOGIC HIGH 
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HI-201 


Performance Characteristics and Test Circuits 
Unless Otherwise Specified: Ta = +25°C, VguppLy = £15V, VaH = 2.4V, VaL = 0.8V and VraeF = Open 


HI-201 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL, ... 
SUPPLY VOLTAGE AND TEMPERATURE 


1mA 


On Resistance - Ohms 


Ambient Temperature - °C 


(HI-201) 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


On Resistance - Ohms 


it tT 


Analog Signal Level - Volts 
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HI-201 


HI-207 


Performance Characteristics and Test Circuits (Continued) 


SWITCH LEAKAGE CURRENT vs. TEMPERATURE 
(HI-201) 
OFF LEAKAGE CURRENT vs. 
TEMPERATURE 


100 


Ic (OFF) 


N Ill 


oN Th : 


Is(OFF)D(OFF) 


MU 


ON LEAKAGE CURRENT vs. 
TEMPERATURE 


Current — nA 


SHEESH 


Bill 
NN 


CIN Tl 


cil 


+259C +50°C +759C +100°C —«+1425°C 


Temperature 


SWITCH CURRENT vs. VOLTAGE 


SWITCH CURRENT vs. 
VOLTAGE 


Switch Current - mA 


Voltage Across Switch - Volts 
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Ip(OFF) 


Hl-201 


Switching Waveforms 
LOGIC “0” = SWITCH ON 


pigitaL VAH=4.0V 


INPUT 


SWITCH 
OUTPUT 


ton, torr (TTL INPUT) ton, torr (CMOS INPUT) 
Vin = +4.0V Vrer = OPEN, Vin = +15V 


TOP: TTL Input VERTICAL: 2V/Div. TOP: CMOS Input VERTICAL: 5V/Div. 


BOTTOM: Output HORIZONTAL: 100ns/Div. BOTTOM: Output HORIZONTAL: 100ns/Div. 


OFF ISOLATION vs. FREQUENCY 


PTT CT TT 

PENT TT PE Tl 

MABE PN i 

PT SNOT PT 

FH 
i 


ail 
Con CS 
TT TT TT 
OB 
PT CT TT 
a 
PT ET 
PLE TT TT ta 


100Hz kHz 10kHz 100kHz 1MHz 
FREQUENCY - Hz 


OFF ISOLATION - dB 


For More Information See Application Notes 520, 521, 531, 532 and 557 in Section 10 of Data Book. 
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HI-201 


a} HARRIS 


HI-201HS 
High Speed Quad SPST 
January 1988 | a CMOS Analog Switch 


Features | ‘Description 


e Fast Switching Times The HI-201HS is a monolithic CMOS Analog Switch 
torr = 40ns _ featuring very fast switching speeds and low ON resistance. 
° Low “ON” Resistance . This integrated circuit consists of four independently 


j ; selectable SPST switches and is pin compatible with the 
e Pin Compatible with Standard HI-201 industry standard HI-201 switch. 


* Wide Analog Voltage Range (£15V Supplies) .. £15V Fabricated using silicon-gate technology and the Harris 


¢ Low Charge Injection (+15V Supplies) Dielectric Isolation process, this TTL compatible device 
© TTL Compatible offers improved performance over previously available 
CMOS analog switches. Featuring maximum switching 
times of 50ns, low ON resistance of 509 maximum, and a 
wide analog signal range, the HI-201HS is designed for any 

° ° application where improved § switching performance, 

n 

Applicatio ) = - particularly switching speed, is required. (A more detailed 
e High Speed Multiplexing discussion on the design and application of the HI-201HS 


¢ Sample and Hold Circuits The HI-201HS is available in a 16 pin Ceramic DIP 
package. The HI-201HS-2 is specified over the 

Bee ee temperature range from -559C to +125°C and the 

¢ Operational Amplifier Gain Switching Networks HI-201HS-5 version from 0°C to +75°C. HI-201HS-4 is 


e integrator Reset Circuits ©. also offered from -25°9C to +850°C. » 


¢ Symmetrical Switching Analog 
Current Range 


e Digital Filters 


Pinouts es. Functional Diagram 
16 LEAD CERAMIC DIP 20 LEADLESS CERAMIC CHIP 


TOP VIEW 


Cad ecr 


i heed ted 


4 
S 
6 
i 
8 


0 ON 
1 OFF 
Ordering Information 


| winwen | rawoe | racrnoe 
NUMBER RANGE PACKAGE 
-259C to +85°C 
0°C to +75°C 
0°C to +750C 
0°G to +75°C 
: 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HIl-201HS 


*) 

Absolute Maximum Ratings Operating Temperature Range. = 

Supply Voltage (Between Pins 4 and 13).................... SOV (HI-2ZOVHS 924 ic05 nts cateseectereds ib42 chs -550C to +125°9C © 

Digital Input Voltage (Pins 1,8, 9,16)............ +VSUPPLY t4V — _HI-201HS-4............ 0. ee eee eee -259C to +859C N 

“VS(UJPPLY =4N- “UIFZOMAS 3S cs Cec aces i See teenth me cere tes 0°C to +75°C — 

Analog Input Voltage (One Switch) ............ +VsUPPLY +2.0V Storage Temperature................ eee ee eee -65°C to +150°C = 
Pins 2, 3, 6, 7, 10, 11, 14, 15 -VSUPPLY -2-0V 
Analog Current — Continuous Peak................ 30mA, 80mA 
Total Power Dissipation (Note 2)...............0.0 0c eee 750mW 
Maximum Junction Temperature............-20200 eee +1750C 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; Vay (Logic Level High) = 3.0V, 
Vac (Logic Level Low) = +0.8V, GND = OV 


HI-201HS-2 HI-201HS-5/-4 
PARAMETER Temp | MIN | typ | max | min | Typ | Max | UNITS 


ANALOG SWITCH CHARACTERISTICS 


Vs, Analog Signal Range 
ROn, On Resistance (Note 3) 


ROn Match 
IS(OFF), Off Input Leakage Current 


ID(OFF), Off Output Leakage Current 


ID(ON), On Leakage Current 


DIGITAL INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
VAH; Input High Threshold 


lAL, Input Leakage Current (Low) 


IAH, Input Leakage Current (High) 


SWITCHING CHARACTERISTICS 


ton: Switch On Time (Note 4) 
tOFF1, Switch Off Time (Note 4) 
tOFF2, Switch Off Time (Note 4) 
Output Settling Time 0.1% 

“Off Isolation” (Note 5) 

Crosstalk (Note 6) 

Charge Injection (Note 7) 

CS(OFF); Input Switch Capacitance 


CD(OFF), Output Switch Capacitance 
CD(ON): 

Ca, Digital Input Capacitance 

CDS(OFF): Drain-To-Source Capacitance 
POWER REQUIREMENTS (Note 8) 


Pp, Power Dissipation 


I+, Current (Pin 13) 


I~, Current (Pin 4) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond 5. Va = 3V, Ry = 1k, Cy = 10pF, Vin = 3Vapys, f = 100kKHz. 
which the serviceability of the circuit may be impaired. Functional 6. Va = 3V, Ry = 1kQ, Vin = 3VRAmszf = 100KHz. 


operability under any of these conditions is not necessarily implied. 7. CL = 1000pF, Vin = OV, Ry = ON, AQ= CL x AVC. 
2. Derate 8mW/°C above Ta = +75°C, Bj, = 100°CM, Bj, = 32°C/W. 8. Va = 3V or Va = 0 for all switches. 
3. Vout = £10V, lout = 1mA. 9. Va = 4V. 


4. Ryu = 1k, CL = 35pF, Vin = +10V, Va = +3V. 
(See Switching Waveforms). 
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HI-201HS 


HI-201HS 


Test Circuit 
SWITCHING TEST CIRCUIT (ton, tofri, toFF2) 


V+=+15V 


SWITCH SWITCH 
INPUT OUTPUT 
3 2 
Vin =+10V © 0 Vo 
CL 
35pF 
LOGIC 
INPUT 
GND V-=~-15V 
Vo=V Re 
On" RL+ RON 


C, INCLUDES CrixTuRE + CpROBE 


Switching Waveforms 


LOGIC “O” = SWITCH ON 


DIGITAL 
INPUT 


SWITCH 
OUTPUT 


ton: tofFF(TTL INPUT) 
VAH = +3.0V 


TOP: TTL Input (2V/Div.) 
BOTTOM: Output (5V/Div.) HORIZONTAL: 100ns/Div. 
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HI-2071HS 


SHLO¢c-IH 


Typical Performance Curves 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 


RESISTANCE vs. ANALOG SIGNAL LEVEL 


“ON” 


AND TEMPERATURE 


AND POWER SUPPLY VOLTAGE 


RENAE 


+15 


Tp = +250C 


ALLL 


+5 +10 


Vin - ANALOG INPUT (VOLTS) 


V-=-15V 
V-=-12V 
V- =-10V 
V- = -8V 


+15V 
B V+=+12V 
+10V 


D V+=+8V 


A Vt 
C Vt 
-10 


i=] i=] o 
N 


> 
w 
ed 
+ 
n 
+ 
> 


V-=-15V 


(SWHO) 3ONVLSIS3H NO - NOy 


VIN - ANALOG INPUT (VOLTS) 


ID(ON) VS- TEMPERATURE* 


IS(OFF) OR ID(OFF) VS. TEMPERATURE* 


125 


MI NEI 
Mit NTT 
WTEC ETI 
WT eT TT 
a , 
a 

WL TIE TNT 
WITTEN TTT | 
TIT TITEA IT TT 


| MNT MET MINT NM . 


100.0 


oe AN3SYYND AOVAVIAT - I 


WY INET TEE ETT 
EIN EAT TTT 
UE TNT ENTE ETE TI 


WET ET ARETE 
a 
IE TE TINT TTT 


00.0 


1 


(v¥) LNAYYND AOVNV3T—- | 


WE ITA TTT TT 
WE TETAS EEET 


. : i 
Tn * 


T - TEMPERATURE (°C) 


T- veqeen TUE (°C) 


LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 


SUPPLY CURRENT vs. TEMPERATURE 


ENN hah she 
Pa NI 
pe A Rofpep b 

ie 


OV 
OV 


PoE IN | 


ISOFF--VD 
IDOFF—-Vs 


ooo o S oO 4 o 8 3 oo oO 98 
on oOo ~ © 4 N 
bd ' 7 +. sr 


(vd) - LNJHYHND 3DVNVWSI- | 


+15V 


-V = -15V 


+V 


S oo in t ro) N - o 


(VW) INSYYND ATddNS -1/ +1 


4 6 8 10 12 14 


Vin - ANALOG INPUT (VOLTS) 


T - TEMPERATURE (9C) 


CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 


* THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +25°C. BUT DUE TO ENVIRONMENTAL 
SWITCH PERFORMANCE. 
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HI-201HS 


Typical Performance Curves (Continued) 
DIGITAL INPUT LEAKAGE CURRENT. vs. TEMPERATURE* 


0 
ae a ae ae ee ee ae ee ee 9 t+ ++} —H | ty 
ee GS I (a ae, aia Lee a (aes Oa | 
ees ead AP ER ST SE FR aes a ene ae Re Pa a 1 
op es Se ee ee ee ee ee ae ee plsuclcreel ls ell fee 
cae oe Pe Ee ee es z sce Pees el te A 
agp Cun teat Cen Oe Pegs (Eas (ive (ee: ae ay | aaa ee a a (a Fs Ce 
genes ae eae Se ieee Ee ie ae ee Z 3 ee 
= so |_| ea aes ee ee ed eat | [| [| | | | [Tit | 
3 sl | | an ee ee ae Babee Se) (ee ae DF a) 
@ 149 |__|__ ae es ae Be Bo a oat 
ay ed ee ie a ar omen Gans Fad TA ae Gen eae 
ae Pe i ee s ee ee eee a me 
-1 -180 cs eens SD SE “(72 
+ -209 —] Bn 1.3 se eee ees ae a en 
pe ee aces es es ee 4 ee ee a a es ee 
-240 zs - ae es a ea a ee 
260 |__| = ae es Bee ee Sal 
-280 |_| Palme 7 = ae 
2435 )42=—O45—S* 75. 85 95 105 115 125 e ae ee ee tae 
T- TEMPERATURE (°C) -9 a ee ee IDOFF— Vs = OV 
a6 a ee 


SWITCHING TIME vs. TEMPERATURE 


t - SWITCHING TIME (nsec) 


V+ = +15V 
V- = -15V 
RL=1KQ 
Ci = 35pF 


T - TEMPERATURE (°C) 


SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 


t- SWITCHING TIME (nsec) 


5 6 7 8 9 10 — 11 12 13 
V+ - POSITIVE SUPPLY (VOLTS) 


14 


H!I-201HS 


LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 
(VIN > +14V, Vin < -14V) 


-16.0 -15.5 -15.0 -14.5 -14.0 +14.0 +14.5+15.0 +15.5 +16.0 
VIN - ANALOG INPUT (VOLTS) 


SWITCHING TIME vs. POSITIVE AND NEGATIVE 
SUPPLY VOLTAGE 


t - SWITCHING TIME (nsec) 


+5 +6 +7 «+8 #49 «F10 411 «+12 «413° «114 «+ 
Vt, V- - POSITIVE AND NEGATIVE SUPPLY (VOLTS) 


SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 


V+ = +15V 


t - SWITCHING TIME (nsec) - 


15 5 6 7 8 9 10 11 12 
V - NEGATIVE SUPPLY (VOLTS) 


"13 14 «15 


* THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +259°C. BUT DUE TO ENVIRONMENTAL 
CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 


SWITCH PERFORMANCE. 
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OFF ISOLATION (dB) 


HI-2071HS 


Typical Performance Curves (Continued) 


SWITCHING TIME vs. INPUT LOGIC AMPLITUDE 
350 -— 


V+ = +15V 


300 


t - SWITCHING TIME (nsec) 


0 1 1.8 2 3 4 5 
VAH - DIGITAL INPUT AMPLITUDE (VOLTS) 


CHARGE INJECTION vs. ANALOG INPUT 


Q - CHARGE INJECTION (PC) 


C - CAPACITANCE (pF) 


-10 -5 0 +5 +10 
Vin - ANALOG INPUT (VOLTS) 


OFF ISOLATION vs. FREQUENCY 


=} aes 


CROSSTALK (d8) 


att ie crt f 


: ae 
OFF ISOLATION = 20 LOG Vo 


10K 100K 10M 
f - FREQUENCY (hee 
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INPUT SWITCHING THRESHOLD vs. POSITIVE AND 
NEGATIVE SUPPLY VOLTAGES 


VATH - INPUT LOGIC THRESHOLD (VOLTS) 


5 6 7 8 9 10 11 12 13. «14 
tv ~- POWER SUPPLY VOLTAGE (VOLTS) 


CAPACITANCE vs. ANALOG INPUT 


Vin - ANALOG INPUT (VOLTS) 


CROSSTALK vs. FREQUENCY 


ALK © — 
CROSSTALK 2000 ¥ van 


1 
f - FREQUENCY (Hz) 


HI-201HS 


HI-201HS 


HI-201HS 


Switching Characteristics 
SWITCHING CHARACTERISTICS vs. INPUT VOLTAGE LOGIC INPUT 


Typical delay, ton, torF, settling time and switching transi- 
ents in this circuit. 


V+ =+4+15V 


VA-LOGIC INPUT (VOLTS) 


lf Ru or Cy is increased, there will be corresponding 
increases in rise and/or fall RC times. 


Vo - OUTPUT SWITCHING WAVEFORMS 


+5 & 
seme VIN = +10V 0 poem VIN = +5V 


Hy 


¢ 

t 
ee t : 
 stuadiaetinaih Ubetenetadinntn chemtecbentemn eeatuotames samen 
é | F 4 


Hy 


‘ 5 - i 
Se tn Rasa te Set iene a ee i eta 
é > * 4/4 


VIN = OV 
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H!I-201HS 


Switching Characteristics (Continued) 


Vo - OUTPUT SWITCHING WAVEFORMS 


Application Information 
LOGIC COMPATIBILITY 
The HI-201HS is TTL compatible. Its logic inputs (Pins 1, 8, 


9, 16) are designed to react to digital inputs which exceed a: 


fixed, internally generated TTL switching threshold. The HI- 
201HS can also be driven with CMOS logic (0-15V), 
although the switch performance with CMOS logic will be 
inferior to that with TTL logic (O-5V). 


The logic input design of the HI-201HS is largely responsi- 
ble for its fast switching speed. It is a design which features 
a unique input stage consisting of complementary vertical 
PNP and NPN bipolar transistors. This design differs from 
that of the standard HI-201 product where the logic inputs 
are MOS transistors. 


Although the new logic design enhances the switching 
speed performance; it also increases the logic input leakage 
currents. Therefore, the HI-201HS will exhibit larger digital 
input leakage currents: in comparison to the standard 
HI-201 product. 


CHARGE INJECTION 


Charge injection is the charge transferred, through the inter- 
nal gate-to-channel capacitances, from the digital logic 
input to the analog output. To optimize charge injection 
performance for the HI-201HS, it is advisable to provide a 
TTL logic input with fast rise and fall times. 


If the power supplies are reduced from +15V, charge injec- 
tion will become increasingly dependent upon the digital 
input frequency. Increased logic input frequency will result 
in larger output error due to charge injection. 


N WIN = —10V 


POWER SUPPLY CONSIDERATIONS 


The electrical characteristics specified in this data sheet are 
guaranteed for power supplies +Vs = +15V. Power supply 
voltages less than +15V will result in reduced switch per- 
formance. The following information is intended as a design 
aid only: 


POWER SUPPLY VOLTAGES | SWITCH PERFORMANCE 


#£12<+Vs +15V Minimal Variation 
#Vs < +12V Parametric Variation becomes 
Increasingly Large 


(Increased ON Resistance, 
Longer Switching Times). 


Not Recommended. 
Not Recommended. 


+Vs < +10V 
+Vs > +16V 


SINGLE SUPPLY 


The switch operation of the HI-201HS is dependent upon 
an internally generated switching threshold voltage 
optimized for +15V power supplies. The HI-201HS does 
not provide the necessary internal switching threshold in a 
single supply system. Therefore, if single supply operation 
is required, the HI-300 series of switches is recommended. 
The HI-300 series will remain operational to a minimum 
+5V single supply. 


Switch performance will degrade as power supply voltage 
is reduced from optimum levels (+15V). So it is 
recommended that a single supply design be thoroughly 
evaluated to ensure that the switch will meet the require- 
ments of the application. 


For Further information See Application Notes 520, 521, 531, 532, 543 and 557 in Section 10 of Data Book. 
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HI-201HS 


H!I-201HS 


Schematic Diagrams 
TTL/CMOS REFERENCE CIRCUIT 


DIGITAL INPUT AND 
LEVEL SHIFTER 
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SWITCH CELL 


ANALOG 
OUT 


BHARRIS HI-222 


December 1988 High Frequency/Video Switch 


Features Description 


e Wideband Operation ' The HI-222 is a high frequency analog switch that complements the Harris 

© Differential Gain ; family of high speed op amps and buffers. Fabricated with our Dielectric 
Isolation process and using silicon gate technology, many key parameters 
have been enhanced. 


HI-222 


Crosstalk and off isolation are optimized with a T-switch configuration and the 
use of nonconnected pins for extended shielding. Other features of the Hi-222 
include wideband operation, low Ron,.fast switching speeds and low differen- 
tial gain and phase. The characteristics of this TTL compatible device make it 
ideal for designs where improved switching performance is required. 


. : The primary application of this dual SPST switch is the routing of high 
Applications frequency signals in equipment ranging from video production mixers to 


¢ Routing Switchers © Medical Imaging military RF circuits. 


e Production Mixers ° Heads-Up Displays The HI-222 is available in a 14 pin Ceramic DIP with ~5, -9 and 
/883 temperature options, and in a Plastic DIP with a -5 option. A Plastic 
Leaded Chip Carrier (PLCC) with a -5 option and a Leadless Chip Carrier 
Radar Signal ° Sonar (LCC) with a /883 option are also offered. For additional information on the 

Conditioning /883 products, please refer to the Harris Military Analog Product Data Book. 


e High Definition TV ¢ Simulators 


Pinouts Functional Diagram 


(CERAMIC/PLASTIC DIP) LOGIC “1” INPUT 
TOP VIEW 


LEVEL SHIFTER AND 
DRIVER 


O 
LOGIC INPUT 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


HI4P0222-5 0°C to +75°C 20-Pin PLCC 
Hi1-0222-5 0°C to +759C 14-Pin CERDIP 
HI3-0222-5 0°C to +759C 14-Pin Plastic DIP 
HI1-0222-9 -40°C to +859C 14-Pin CERDIP 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output, respectively. They may be interchanged without affecting performance. 
All nonconnected pins should be tied to ground. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1988 
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Specifications HIl-222 


Absolute Maximum Ratngs (Note 1) 


Voltage Between V+ and V- Terminals. ..........esceceeees 36V 
£Ve 16 GOUnG (V>ALNA) <.6sas Ssecabed eoene caarees ore +18V 
Digital and Analog Input Voltage (Va, Vs, Vp)....------- £+Vs t2V 
Ipeak (S to D) (Pulse at 0.8ms, 10% Duty Cycle Max).......... 100mA 
Ibeak (Any Pin, 50% Duty Cycle) ......... 0. ccc cece ete noes 28mA 
Continuous Current (Any Pin) ......... ccc ee eee e cece ees 15mA 
Junction Temperature ..... 2c. ccc cece eee c ec cesencees +175°9C 
Storage Temperature Rang@ ...........002ee -659C to +1509C 
ESD Rating ......... iS tan aie te See eRe ep eeaeane eta «ee < 2000V 
Lead Temperature (Soldering 10 sec)............4. Ssaiaats 300°C 


Vs, Analog Signal Range 
Ron; ON Resistance (Note 2) 


Isorr Leakage 
IDorr Leakage 
IDON Leakage 


DIGITAL INPUT CHARACTERISTICS 
VAL, Low Threshold 

VAH; High Threshold 

IAL, Low Level Leakage 


IAH, High Level Leakage 


SWITCHING CHARACTERISTICS 
ton (Note 3) 
torr (Note 3) 
Off-lsolation @ 10MHz (Note 4) 
Crosstalk @ 10MHz (Note 4) 
Differential Gain (Note 5) 
Differential Phase (Note 5) 
Gain Tolerance @ 1 MHz (Note 6) 

@ 8MHz 
Bandwidth (Note 6) 
Cs(OFF): Switch Input Capacitance 
CpD(OFF) Switch Output Capacitance 
CD(ON); Switch Output Capacitance 
Ca, Digital Address Capacitance 


Cpos(o FF), Drain-to-Source Capacitance 


POWER REQUIREMENTS 
It @ +15V Quiescent Current 


Pp, Quiescent Power Dissipation | 


Thermal Information 
Thermal Resistance S] 


ja Bic 

Ceramic/Plastic DIP Package ............. 750C/W 170C/W 

Ceramic LCC Package .......cceceeseceee 7T6°C/W 199C/W 
Package Power Dissipation Limit at +75°C 

Ceramic/Plastic DIP and Ceramic LCC Package.......... 1.0W 
Package Power Dissipation Derating Factor Above +75°C 

Ceramic/Plastic DIP Package ...........eeeeeeees 13.4mW/°9C 

Ceramic LCC Package .....cccccnscencnssesccons 13.2mW/°C 
Operating Temp.Range HI-222-5......... 09°C <Ta <+759C 

Hi-222-9 ....... -40°C <Ta < +85°9C 


degrees 
dB 
dB 


pF 
pF 
pF 
pF 
pF 
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HI-222 


NOTES: 
1. As with all semiconductors, stresses listed under “Absolute Maximum — 3. Vin, = +5V, Ry = 2k, C, = 40pF. Va levels are 0.0V to 3.0V for switch 
Ratings” may be applied to devices (one at a time) without resulting in under test. Switch not under test has Va = 4.0V. 


permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device relia- 
bility. The conditions listed under “Electrical Specifications” are the only 
conditions recommended for satisfactory operation. 


4. Ving = 300MV,_,, Ry = 502, Vay = +2.0V, Vay = 0.8, f = 10.0MHz. 
IN p-p ™L AH AL 


5S. Vin= 300MVp-p5, VOFFSET = 1.0, f = 3.58MHz and 4.43MHz, Va, = OV, 
Ru = 2KN. 


6. Vin = Vo-p: RL =502, Vat = 0.8V. 
2. Vout = +5V, lout = 7.5mA IN = 300MVp-p, Ri AL 


Test Circuit SWITCHING TEST CIRCUIT (ton, torF1) 


V+ = +15V 


AL 
RL + Ron 
C, Includes CrixTURE + CPROBE 


Vo = VIN 


Switching Waveforms LOGIC “0” = SWITCH ON 


pDieiTAL VAH= 3.0V 
INPUT 


SWITCH _OV 90% 90% 
OUTPUT 


ton; torr; VAL = 90.0V, VaH = 3.0V 


Top: (2V/Div.) 
Bottom: Output (2V/Div.) 
Horizontal: 100ns/Div. 
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HI-222 


Test Circuits | | 
Rps | S42 IS(OFF) ID(OFF) 


Vin = £5V, 1 = 7.5mA, Va = 0.8V Vin = +5V, Vout = *#5V, Va = 2.0V Vin = £5V, Vout *+5V, Va = 2.0V 


ADDRESS CURRENT SUPPLY CURRENTS 


Vin = £5V, Vout = £5V, Va = 0.8V VAH = 2.0V, Va = 0.8V 


OFF ISOLATION CROSSTALK 


1 
L 


VIN = 300MVp-p, f = 10MHz, Rin = Ry = 500, VIN = 300MVp-p, f = 10MHz, Rin = RL = 502 VAC = 300MVp-p, f = 3.58MHz and 4.43MHz, 
Vai = 2.0V Vai = 2.0V, Van = 0.8V Voc = 0.0V to 1.0V, Ry = 2k, Rin = 502 
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Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsuppLy = £15V 


STEADY STATE ADDRESS INPUT CURRENT vs. 
TEMPERATURE 


N 
N 
N 
—_ 
- 


SUPPLY CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE 


ViN = Vout = 9.0V 


6s MESSI 
= — 
Bs eee 
eee 
Pied 
— — 


pee 
aneoea 


nt 


+V= +10V 


ISUPPLY (mA) 


IVAH= 2.0V- 


VAL = 0.8V 


+85 +105 +125 
+25 +65 %$+105 +125 TEMPERATURE (9C) 
TEMPERATURE (°C) 


SWITCHING TIME vs. TEMPERATURE SWITCHING THRESHOLD vs. +SUPPLY VOLTAGE 


ton: torr (ns) 


THRESHOLD (V) 


CL= 35pF 


+25 
TEMPERATURE (°C) 


0.0 
15 1413 12 11 10 9 8 7 
+ SUPPLY (V) 


ADDRESS INPUT THRESHOLD vs. TEMPERATURE 

1.6 

1.5 

1.4 

1.3 

1.2 
af 

1.1 


“1.0 
+25 +55 +85 
TEMPERATURE (9C) 


VAH 


VAL 
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HI-222 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsuppLy = £15V 


Ron vs. ANALOG INPUT vs. TEMPERATURE Ron vs. ANALOG INPUT vs. SUPPLY VOLTAGE 


ANALOG INPUT (V) ANALOG INPUT (V) 


Ilsorr/IDOFF Vs- TEMPERATURE vs. ANALOG INPUT IDON VS. TEMPERATURE vs. ANALOG INPUT 
100.0 [z= Vp 10.0 z= 
B= + Vp B= 
C= + Vp C= 
D= + Vp D= 
10.0 == 1.0 = 
< —+— — 
& Fe = 
aa <x 
hen : is 
% 1.0 ie > 0.10 i 
r — 2 — 
ma — |__| 
- -_t Be 
0.10 V, 0.01 B 
04 J 
0.01 0.001 m= 
+ 25°C + 75°C + 125°C + 25°C + 75°C + 125°C 
TEMPERATURE (°C) TEMPERATURE (°C) 


BANDWIDTH 


Nico 
LL | | 

IN 

at \ 


GAIN TOLERANCE (dB) 


M 
FREQUENCY ic 
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Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppty = +15V 


HI-222 


GAIN TOLERANCE OFF ISOLATION 


GAIN TOLERANCE (dB) 


(dB) 


———— zz 


<a 


REaee 
x 
~ 


aa 
met WT TTT 
INAH MARNE Ul eee a 


10 100 1K ’ 10K 100K 1M 10M 
FREQUENCY (Hz) 


PHASE (DEGREES) 


CROSSTALK 


(dB) 


<7(( a lI 
HE TY 


10M 100M 
FREQUENCY (Hz) 
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Schematic Diagram 


HI-222 


BIAS NETWORK 
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Gq? HARRIS — HI-300 thru 
HI-307 


CMOS Analog-Switches 


Features Applications 
¢ Analog Signal Range (+15V Supplies) e Sample and Hold i.e. Low Leakage Switching 
e Low Leakage (Typical @ +25°C) ¢ Op Amp Gain Switching i.e. Low On Resistance 
¢ Low Leakage (Typical @ +125°C) © Portable, Battery Operated Circuits ~ 
e Low On Resistance (Typical @ +25°C) _© Low Level Switching Circuits 
¢ Break-Before-Make Delay (Typical) e Dual or Single Supply Systems - 
© Charge Injection 
e TTL, CMOS Compatible 
. © Symetrical Switch Elements 
© Low Operating Power 
(Typical for HI-300 - 303) 


_ HI-300 thru HI-307 


Functional Diagram Description 


The HI-300 through HI-307 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These switches feature break-~ 
before-make switching, (HI-301, 303, 305 & 307 only), low and 
nearly constant ON resistance over the full analog signal range, ~ 
and low power dissipation, (a few milliwatts for the HI-300 - 
303, a few hundred microwatts for the HI-304 - 307). 


The HI-300 - 303 are TTL compatible and have a logic “0” con- 
dition with an input less than 0.8V and a logic.“1” condition with 
an input greater than’ 4.0V. The HI-304 - 307 switches are 
CMOS compatible and have a low state with an-input less than 
3.5V and a high state with an input greater than 11V. (See 
pinouts for switch conditions with a logic “1” input.) 


All the devices are available in a 14 pin Epoxy or Ceramic DIP. 
The HI-300, 301, 304 and 305 are also available in a 10 pin 
Metal Can. Each of the switch types are available in either the 
TYPICAL SWITCH 300 SERIES -~55°9C to +1259C or OOC to +75°9C operating ranges. 


Pinouts :: (SWITCH STATES ARE FOR A LOGIC “1” INPUT) 


DUAL SPST HI-300 & HI-304 SPDT HI-301 & HI-305 


DIP TOP VIEWS METAL CAN TOP VIEWS = METAL CAN 


* The substrate and case are inter- * The substrate and case are inter- 
nally tied to V-. (The case should nally tied to V~. (The case should 
not be used as the V- connection, not be used as the V- connection, 
however.) ; however.) 


DUAL DPST HI-302 & HI-306 DUAL SPDT HI-303 & HI-307 


TOP VIEW - DIP TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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Absolute Maximum Ratings (Note 1) 


Voltage Between Supplies ............. 
Digital Input Voltage .................. 


. Analog Input Voltage ...... ehaehed ees 


Specifications HI-300 - HI-307. 


ee eee ee AAV (+22) 
biehesats +VSUPPLY +4V 
-VSUPPLY ~4V 


wees +VSUPPLY +1.5V 


Operating Temperature Range 


PHBA KS 2 nent nig care aie aa eenn ee aoe ae et 
EUS BAK Sue ps2 cs po cate ete he rem sates That ee eees 


-55°C to +1259C 
0°C to +75°9C 
-65°C to +150°C 


HI-300 thru HI-307 


-VSUPPLY ~1.5V 


Total Power Dissipation* 14 Pin EpoxyDIP............ 526mW *Derate 6.9mW/O0°C Above Ta = +70°C 
14 Pin Ceramic DIP .......... 588mW 
10 Pin Metal Can* ........... 435mW 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; Vin = Logic Input. 
HI-300-303: Vin - for Logic “1” = 4V, for Logic “O” = 0.8V 
HI-304-307: Vin - for Logic “1” = 11V, for Logic “0” = 3.5V 


| PARAMETER Temp | win | tye | max | min | tye | Max | 


ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range 
‘Ron, On Resistance (Note 2) 


IS(OFF) Off Input Leakage Current (Note 3) 
ID(OFF): Off Output Leakage Current (Note 3) 


ID(ON): On Leakage Current (Note 4) 


DIGITAL INPUT CHARACTERISTICS 
VINL; Input Low Level* 

VINH: Input High Level* 

VINL, Input Low Level** 

VINH:; Input High Level** 

lINL, Input Leakage Current (Low) (Note 5) 
‘NH, Input Leakage Current (High) (Note 5) 


SWITCHING CHARACTERISTICS 


tOpPEN, Break-Before Make Delay*** 
ton, Switch On Time* — 

torr, Switch Off Time* 

ton, Switch Off Time** 

toFF, Switch Off Time** 

“Off Isolation” (Note 6) 

Charge Injection (Note 7) 

Cs(OFF) Input Switch Capacitance 
Cp(OFF), Output Switch Capacitance 
Cp(ON); Output Switch Capacitance 
Cin, (High) Digital Input Capacitance 
Cin, (Low) Digital Input Capacitance 


POWER REQUIREMENTS 
I+, Current* (Note 8) 


I~, Current* (Note 8) 


I+, Current* (Note 9) 


I, Current* (Note 9) 


I+, Current** (Note 1 0) 


I-, Current** (Note 10) 


i+, Current** (Note 11) 


I~, Current** (Note 11) 


*HI-300 Thru HI-303 Only; **HI-304 Thru HI-307 Only; ***HI-301, HI-303, HI-305, HI-307 Only 
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ss 
Electrical Specifications Notes: = 
fi 
1. As with all semiconductors, stresses listed under “Absolute Maximum = 6._~ Vg = 1Vpms, f = 500kHz, CL = 15pF, Ry = 1k. I 

Ratings” may be applied to devices (one at a time) without resulting in ; ; 
permanent damage. This is a stress rating only. Exposure to absolute 7 VS = OV, CL = 10,000pF, Logic Drive = SV pulse. (HI-300 - 303) = | 
maximum rating conditions for extended periods may affect device reli- Switches are symmetrical; S and D may be interchanged. = 
ability. The conditions listed under “Electrical Specifications” are the Logic Drive = 15V (HI-304 - 307). ar 
only conditions recommended for satisfactory operation. 8. Vin = 4V (One Input) (All Other Inputs = OV). ran) 
2. Vg = +10V, Ioyt = -10mA. On resistance derived from the voltage he =) 
measured across the switch under the above conditions. S oMIN = OB (0 Inputs). “ 
= A 10. Vin = 15V (All Inputs). press 
Vg = £14V, Vp = £14V. IN (All Inputs) I 

Vg = Vp = £14V. 11. Ving = OV (AT! Inputs). 


The digital inputs are diode protected MOS gates and typical leakages 12. To drive from DTL/TTL circuits, pull-up resistors to +5V supply are 
of 1nA or less can be expected. recommended. 


Test Circuits 
SWITCHING TEST CIRCUIT (ton, toFF) BREAK-BEFORE-MAKE TEST CIRCUIT (tgpm) 


SWITCH TYPE 


HI-300 thru HI-303 - 4V 
HI-304 thru HI-307 15V 


Hi-301, HI-303 
HI-305, HI-307 


: VO swITCH 
Vs = +3V OUTPUT 
LOGIC 
INPUT 
LOGIC “1” = SWITCH ON rogie LOGIC 1" = SWITCH ON 
LOGIC ViNH INPUT VINH Rit = Ri2 = 3002 
ov ov 


' 
' 
4 
| A90% 10% 50% 50% 
ov r/ ! ov ' : OUT 1 
SWITCH i! . H 
SWITCH 50%) . oe ie 
OUTPUT ov! 1 /! 
' 
i) 


i 
4 
‘ 
4 
J 
| ' 
' 
OUTPUT —e{tONbe -»; tOFF bo 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


HI2-0304-5 0°C to +759C 10-Pin Metal Can 


~HI2-0304-2 -55°C to +125°9C 10-Pin Metal Can | 
Hi1-0304-5 0°C to +759C 14-Pin CERDIP 
H1l1-0304-2 -559C to +1259C 14-Pin CERDIP 


H!i1-0305-2 -559C to +125°9C 14-Pin CERDIP 
HI2-0305-5 0°C to +75°C 10-Pin Metal Can 
Hi2-0305-2 -55°C to +125°9C 10-Pin Metal Can 
H!1-0305-5 0°C to +75°C 14-Pin CERDIP 


HI1-0306-5 0°C to +759C 14-Pin CERDIP 
HI1-0306-2 -559C to +1259C 14-Pin CERDIP 
Hl1-0307-5 0°C to +759C 14-Pin CERDIP 
HI1-0307-2 -559C to +1259C 14-Pin CERDIP 
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HI-300 - HI- 


EERE 
SRR RE REE 
Pty TUN 

t Stine (pis) 


{SLTOA) inant 91907 -NlA {SLIOA) BDVLIOA LNdLNO - OA 


Typical delay, rise, fall, settling times, and switching trans- 


ients in this circuit. 
lf RGEN, Ri or Cy is increased, there will be proportional 


increases in rise and/or fall RC times. 
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HI-300 - HI-307 


™ 

Typical Performance Curves (Continued) = 

SWITCHING TIME VS. SWITCHING TIME VS. SWITCHING TIME VS. SWITCHING TIME AND BREAK = 

TEMPERATURE TEMPERATURE NEGATIVE SUPPLY VOLTAGE BEFORE MAKE TIME VS. _. 

H1I-300 thru HI-303 H1-304 thru HI-307 HI-300 thru HI-303 POSITIVE SUPPLY VOLTAGE 

H1-300 thru H!-303 a | 

r= 

eid = lubovee ey q 23 = 

3 2 : 5 © 

; g : + ati 
oO cod = st 

5 3 ge - 
“a ' ‘ Td ao 
fs “ ray V+ ©15V ue xe 
; 9 Ta = 2600 Oa 
> VINH = 4V 2 4 
T - TEMPERATURE (°C) T - TEMPERATURE (°C) 9 o a 

V- NEGATIVE SUPPLY (VOLTS) V+ sraitide suey (v) 
SWITCHING TIME VS. SWITCHING TIME VS. INPUT SWITCHING THRESHOLD 
POSITIVE SUPPLY VOLTAGE NEGATIVE SUPPLY VOLTAGE VS. POSITIVE SUPPLY VOLTAGE 
HI-304 thru HI-307 H1-304 thru HI-307 H1I-300 thru Hi-307 


V+ = 415V Hi-304 thru Hi-307 


t- SWITCHING TIME Ins) 
VOLTAGE (VOLTS) 


tON/tOFF - SWITCHING TIME (ys) 
VTH - INPUT SWITCHING THRESHOLD 


(') 
V- NEGATIVE SUPPLY VOLTAGE (V) 


0 5 10 15 
Vt POSITIVE SUPPLY VOLTAGE (V) 


Schematic Diagrams 
SWITCH CELL : 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


>| 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 
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HI-381/384/387/390 


Features 

e Analog Signal Range (+15V Supplies)............. +15V 
¢ Low Leakage (Typical @ +25°C) 

e Low Leakage (Typical @ +125°C) 

e Low On Resistance (Typical @ +25°C) 

e Break-Before-Make Delay (Typical) 

e Charge Injection 

e TTL Compatible 

e Symetrical Switch Elements 

e Low Operating Power 


Functional Diagram 


TYPICAL SWITCH 300 SERIES 


Pinouts (SWITCH STATES ARE FOR A LOGIC “1” INPUT) 


DUAL SPST HI-381 


TOP VIEWS METAL CAN 


* The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 


DUAL DPST HI-384 
TOP VIEW 


HI-381/384/ 
387/390 


CMOS Analog Switches 


Applications 

e Sample and Hold i.e. Low Leakage Switching 

e Op Amp Gain Switching i.e. Low On Resistance 
e Portable Battery Operated Circuits 

¢ Low Level Switching Circuits 

¢ Dual or Single Supply Systems 


Description 


The Hi-381 through HI-390 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These devices are TTL compatible 
and are available in four switching configurations. (See device 
pinout for particular switching function with a logic “1” input.) 


These switches feature Jow leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make switching and low power dissipa- 
tion. 


The HI-381 and HI-387 switches are available in a 14 pin 
Epoxy or Ceramic DIP or 10 pin Metal Can. The HI-384 and 
HI-390 are available in a 16 pin Epoxy or Ceramic DIP. Each of 
the individual switch types are available in the -55°9C to 
+1259C and 0°C to +75°C operating ranges. 


SPDT HI-387 


TOP VIEWS METAL CAN 


* The substrate and case are inter- 
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 


DUAL SPDT HI-390 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-381/384/387/390 


© 
Absolute Maximum Ratings (Note 1) Operating Temperature Range ep) 
Voitage Between Supplies ........ 0.0... ccc eee ee eee SAV (E22) -Al-GAMR 2 oss kd twat dee sede eds tx teed tases -§5°0C to +125°C © 
Digital Input Voltage ........... 0. cee c ee eee +VSUPPLY t4V  HIF3XX=5 00. ccc cece er cece nec eceeneees 0°C to +75°C [ore] 
-~VSUPPLY -4V Storage Temperature................ 22. e eee -65°C to +150°C. Cc 
Analog Input Voltage ................. eee +VSUPPLY +1.5V = 
-VSUPPLY ~1.5V 00 
Total Power Dissipation* 14 Pin Epoxy DIP............ 526mW *Derate 6.9mW/°C Above Ta = +70°C © 
14 Pin Ceramic DIP.......... 588mW ba 
16 Pin Epoxy DIP............ 625mW = 
16 Pin Ceramic DIP .......... 685mW !, 

10 Pin Metal Can* ........... 435mWw 2 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; Vij = Logic Input. 
Vin for Logic “1” = 4V, for Logic “0” = 0.8V 


ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range 
Ron; On Resistance (Note 2) 


Is(o FF); Off Input Leakage Current (Note 3) 


ID(OFF): Off Output Leakage Current (Note 3) 


ID(ON), On Leakage Current (Note 4) 


DIGITAL INPUT CHARACTERISTICS 


VINL; Input Low Level 
VINH; Input High Level 


liINL» Input Leakage Current (Low) (Note 5) 
liNH, Input Leakage Current (High) (Note 5) 


SWITCHING CHARACTERISTICS. 


tOpEN, Break-Before Make Delay (HI-387/390 Only) 
ton, Switch On Time 


tOFF, Switch Off Time 
“Off Isolation” (Note 6) 
Charge Injection (Note 7) 


Cs(OFF), Input Switch Capacitance 


CD(OFF), Output Switch Capacitance 
CDp(ON), Output Switch Capacitance 
Cin, (High) Digital Input Capacitance 
Cin, (Low) Digital Input Capacitance 


POWER REQUIREMENTS 


I+, Current (Note 8) 


I~, Current (Note 8) 


I+, Current (Note 9) 


I~, Current (Note 9) 


Sees ese 2 
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HI-381/384/387/390 


HI-381/384/387/390 


Electrical Specifications Notes: 


1. 


As with all semiconductors, stresses listed under “Absolute Maximum 
Ratings” may be applied.to devices (one at a time) without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 


“maximum rating conditions for extended periods may affect device reli- 


ability. The conditions listed under “Electrical Specifications” are the 
only conditions recommended for satisfactory operation. 


Vg = £10V, lout = -10mA. On resistance derived from the voltage 


*measured across the switch. under the above conditions. 


3. -Vg = +14V, Vp = £14V. 


Vg = Vp = +14V. 


10. 


The digital inputs are diode protected MOS gates and typical leakages 
of 1nA or less can be expected. 

Vs = 1Vaos; f = 500kHz, CL = 15pF, Ry = 1k, CL = CeixtuRE + 
CPROBE, “off isolation” = 20Log Vs/Vp. 
Vs = OV, C_ = 10,000pF, Logic Drive = 5V. pulse. Switches are 
symmetrical; S and D may be interchanged. . 

VIN = 4V (One Input) (All Other Inputs = OV). 

Vin = 0.8V (All Inputs). 


To drive from DTL/TTL circuits, pull-up resistors to +5V supply are 
recommended. 


Test Circuits 


SWITCHING TEST CIRCUIT (ton, torr) 


VO SWITCH 
OUTPUT 


LOGIC “1” = SWITCH ON* 


VINH 450% 


‘ 
: 
t 
1 90% 
SWITCH gy, ek Coe ae ae 
OUTPUT 
i] 


*INVERTED LOGIC FOR HI-381 


SWITCH TYPE VINH 


BREAK-BEFORE-MAKE TEST CIRCUIT (tgpn) 


Vs1 = +3V 
Vs2 = +3V 
LoGic 
INPUT 
RL1=RL2= 3002 
LOGIC LOGIC "1" SWITCH ON ge 


ov 


50% 50% 
ov ' OUT 1 
i ' 
! OUT 2 
SWITCH 50%) 50% 
OUTPUT ov 1 a ieee 4 
' 
tBBM —=| a — Lo ‘BBM 


Ordering Information 


’ PARTNUMBER TEMPERATURE RANGE PACKAGE 


HI1-0381-5 
HI1-0381-2 
HI2-0381-2 
Hi2-0381-5 


HI2-0387-2 
HI1-0387-2 
HI1-0387-5 
HI2-0387-5 


Hi1-0390-5 
Hl1-0390-2 


0°C to +75°C 
-559C to +1259C 
-559C to +125°C 

0°C to +75°9C 


Hi1-0384-5 0°C to +759C 
HI1-0384-2 -559C to +125°9C 


-559C to +125°9C 
-55°9C to +1259C 
0°C to +75°C 
0°C to +75°9C 


0°C to +75°C © 16-Pin CERDIP 
-5509C to +125°C 16-Pin CERDIP 
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14-Pin CERDIP 

14-Pin CERDIP 
10-Pin Metal Can 
10-Pin Metal Can — 


16-Pin CERDIP 
16-Pin CERDIP 


10-Pin Metal Can 
16-Pin CERDIP 
.16-Pin CERDIP 

10-Pin Metal Can 


RpS(ON) - DRAIN TO SOURCE 
ON RESISTANCE (OHMS) 


HI-381/384/387/390 Typical Performance Curves 


RpS(ON) VS. Vp AND Rps(oNn) VS. Vp AND 
TEMPERATURE POWER SUPPLY VOLTAGE 


A Vt=+15V, V-=-15V 
B V+=+10V, V-=~-10V 
C V+#+7.5V, V-=-7.5V 
D V+=+5V, V-=~5V 


HI-381/384/387/390 


RDS{ON) - DRAIN TO SOURCE 
ON RESISTANCE (OHMS) 


Vp - ORAIN VOLTAGE (VOLTS) -: 


5 9 5 
Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 
SINGLE LOGIC INPUT 


00 
4 


-—_ } ——-f ——_ + —_J 
SEES GRE he Pee 
een oe toma Ve eeode ee 
VS. FREQUENCY 
a eet as 
£ — ee See! Sree a 
z -—_} ——_}-—_¥- ——} z 
Q EE ES OY a > 
= a SE yf eS 5 
< ie Ge Be 4 ee z 
a am g 
A s 
2 / . 
2 10 SS as a Sc one V+ = 415V, V- = -15V 
1 EI Oct) ARPES ERE PL O * 
390 ee DES a Vs = 1VAMs 
es Ee ee 2g 
(eee DE ee) 105 108 107 108 
i ae ae ae { - FREQUENCY (H2 
1 10 00 1K 0K 100K 1M 
LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 
4 * 
ISorr OR IDorr¢ VS. TEMPERATURE®* * Ipon VS. TEMPERATURE 
10.0 10.0 
[eee 
V+= 15V 
V- = -15V 
< IVoj = [Vs] = 14V 
Sk 
& 7 " u 1.0 
2 = 2 Se ee 
4 S = = ERIN A 
re fn srereaenc cot : 
ox z wy eres Ea 
=i oo ee oe 
< y, 
ou r< 
£6 i oe 
oz 0.1 z 0.1 
a= ra) LT A 
a 7 a 
x 2 ey A 
Qa a 
’ DE, CEE 
eee eae 
ae! 0.01 eae 
6 75 125 
T- TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the n-channel leakage minus the p-channel leakage. This difference can be positive, 
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 


OUTPUT ON CAPACITANCE DIGITAL INPUT CAPACITANCE 
VS. DRAIN VOLTAGE VS. INPUT VOLTAGE 


70 


Ty 
2 ee 
uw 

rs} 2 

é 4 

= 60 2 
QO 

a font 
a LS) 

< 4 

Co & TRANSITION (INDETERMINATE 
FS ba Qa DUE TO ACTIVE INPUT) 
5 2 

a z 
= = 

> t 

°o 30 z 

t Oo 

z 

Q 

a 
o 

» 20 
o 2 4 6 8 10 «12 14° (16 0 2 a4 6 8 10 #12 «14 16 


Vp - ORAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
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HI-381/384/387/390 Typical Performance Curves (Continued) 


: Typical delay, rise, fall, settling times, and switching trans- 
SWITCHING TIME vs. TEMPERATURE ents in this circuit. 
H!I-381 THRU HII-390 


Ke 


0 i 


65-36 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (0C) If RGEN. RL or Cy is increased, there will be proportional 
increases in rise and/or fall RC times. 


To Rae 
| 


oun aE H!-384 thru HI-390 7] 
|} HI-38T INVERTED 


t - SWITCHING TIME (ns) 


SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
HI-381 THRU HI-390 


V- = -15V 
Ta = 259°C 
* VINH =4V 
VINE = OV 


Vin - LOGIC INPUT (VOLTS) 
oa 


tON tOFF - SWITCHING TIME (ps) 
: Zee 


10 
V+ - POSITIVE SUPPLY (V) 


SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
HI-381 THRU HI-390 


SEEE 
ETT TU 


wo — V+=+15V 
TA = 25°C 
VINH = +4.0V 
VINL = OV 


ton/togF - SWITCHING TIME (ns) 


0 5 10 15 
V- NEGATIVE SUPPLY VOLTAGE (VOLTS) 


INPUT SWITCHING THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE 
HI-381 THRU HI-390 


Vo - OUTPUT VOLTAGE (VOLTS) 


VOLTAGE (VOLTS) 


VTH - INPUT SWITCHING THRESHOLD 


0 6 10 15 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


0 0.4 08 1.2 1.6 
t- TIME (ls) 


* NOTE: The turn-off time is primarily limited 
here by the RC time constant (100ns) of the 
load. 
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HI-381/384/387/390 


HI-381/384/387/390 


Schematic Diagrams 


HI-381/384/387/390 


DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 


DRIVER 
(ONE PER SWITCH CELL) 
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it HARRIS’ HI-5040 thru HI-5051 
HI-5046A and HI-5047A 


September 1991 CMOS Analog Switches 


Features 

¢ Wide Analog Signal Range ...................-. +15V 
° Low “ON” Resistance (Typical) 

¢ High Current Capability (Typical) 


e Break-Before-Make Switching 
> Turn-On Time (Typical) 
> Turn-Off Time (Typical) 


e No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


¢ DTL, TTL, CMOS, PMOS Compatible 


Applications 

¢ High Frequency Switching 
e Sample and Hold 

¢ Digital Filters 


¢ Operational Amplifier Gain Switching 


Functional Description 


PART NUMBER 


HI-5040 
HI-5041 
HI-5042 
HI-5043 
HI-5044 
HI-5045 
HI-5046 
HI-SO46A 
HI-5047 
HI-5047A 
HI-5048 
HI-5049 
HI-5050 
HI-5051 


SPST 
DUAL SPST 
SPDT 
DUAL SPDT 
DPST 
DUAL DPST 
DPDT 
DPDT 
4PST 
4PST 
DUAL SPST 
DUAL DPST 
SPDT 
DUAL SPDT 


HI-5043/51 20 LEAD PLCC 


Description 


This family of CMOS analog switches offers low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. “ON” resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. Ron remains excep- 
tionally constant for input voltages between +5V and -5V 
and currents up to 50mA. Switch impedance also changes 
very little over temperature, particularly between OOC and 
+75°0C. RON is nominally 250 for HI-5048 through 
HI-5051 and HI-5046A/5047A and 500 for HI-5040 
through HI-5047. 


All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa- 
tility. Performance is further enhanced by Dielectric |sola- 
tion processing which insures latch-free operation with very 
low input and output leakage currents (0.8nA at +259C). 
This family of switches also features very low power opera- 
tion (1.5mW at +25°C). 


There are 14 devices in this switch series which are differ- 
entiated by type of switch action and value of RON (see 
Functional Diagram). All devices are available in 16 pin DIP 
packages. The HI-5040/5050 switches can directly replace 
IH-5040 series devices except IH5048, and are functionally 
compatible with the DG 180/190 family. Each switch type is 
available in the -559C to +125°9C and O°C to +759C 
performance grades. 


Functional Diagram 


TYPICAL DIAGRAM 


H!-5045/49 20 LEAD PLCC 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HI-5040 Series 


Absolute Maximum Ratings 


Supply Voltage (V+, V—) 0... cece cece w cece cence cen eecens 36V 
Ve 10 Ground) S65 22s wee sei eWiw iia ened w tas cnn V+,V- 
Digital and Analog Input Voltage ................ +VSUPPLY +4V 

-VSUPPLY ~4V 
Analog Current (S to D) Continous ............ 00. e ween ee 30mA 
Analog Current (S to D) Peak .......... cece ce cee eee eee 80mA 
Total Power Dissipation® ....... 0. cee cece cee ee eens 450mW 


Operating Temperature Range 


HIFSOX Xe! sw brs 66h o Oeg es waeed -55°9C to +1259C 
HIFSOK ASS qua Ue ee tet el aes oe ees 0°C to +75°C 
Storage Temperature ........ cece cece eee eee -659C to +1509C 


*Derate 6mW/9C Above Ta = +75°C 


Electrical Specifications Unless Otherwise Specified Supplies = +15V, -15V; VR = OV; Vay (Logic Level High) 
+0.8V, VL = +5V For Test Conditions, Consult Performance Characteristics, 


VAL (Logic Level Low) = 
Unused Pins are Grounded. 


PARAMETER TEMP 


ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range 
Ron, On Resistance (Note 1a) 


Ron, On Resistance (Note 1b) 


Ron, Channel-to-Channel Match (Note 1a) 

ROn, Channel-to-Channel Match (Note 1b) 

IS(OFF) = ID(OFF) Off input or Output 
Leakage Current 

ID(ON): On Leakage Current 


DIGITAL INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
Vax: Input High Threshold 
IA, Input Leakage Current (High or Low) 


SWITCHING CHARACTERISTICS 


ton, Switch On Time 
torr, Switch Off Time 

Charge Injection (Note 2) 

“Off Isolation” (Note 3) 

“Crosstalk” (Note 3) 

CsS(OFF), Input Switch Capacitance 
CD(OFF): 
Cp(ON): 
Ca, Digital Input Capacitance 

CDS(OFF), Drain-To-Source Capacitance 


Output Switch Capacitance 


POWER REQUIREMENTS 


Pp, Quiescent Power Dissipation 
I+, +15V Quiescent Current 
I~, -15V Quiescent Current 

IL, +5V Quiescent Current 

IR, Ground Quiescent Current 


NOTES: 
1. Vout = £10V, lout = 1mA 
a). For HI-5040 thru HI-5047 
b). For HI-5048 thru HI-5051, HI-5046A/5047A. 


ieee eee UNITS 


= 3.0V, 


| 55°C To +1250 To +1259C 0°C To +75°9C 


YNXOND DD < 


2. Vin = OV, CL = 10,000pF. 
3. RL = 1002, f = 100kHz, Vin = 2.0Vp-p, CL = SpF. 
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HI-5040 thru HI-5051 HI-5046A and HI-5047A 


Hi-5040 thru HI-5051 HI-5046A and HI-5047A 


HI-5040 Series 


Switch Functions SWITCH STATES ARE FOR LOGIC “1” INPUT 
SPST DUAL SPST — SPDT 
HI-5040 (752) HI-5041 (752) HI-5042 (752) 


DUAL DPST 
HI-5045 (752) 


DPST 
HI-5044 (752) 


DUAL SPDT 
HI-5043 (752) 


DPDT 
HI-5046 (759) 
HI-5046A (252) 


DUAL SPST 
HI-5048 (252) 


APST 
HI-5047 (752) 
HI-5047A (252) 


DUAL DPST SPDT DUAL SPDT 
HI-5049 (252) HI-5050 (252) HI-5051 (2522) 
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HI-5040 Series 


Pin Configurations SWITCH STATES ARE FOR LOGIC “0” INPUT 

SINGLE CONTROL 

SPST SPDT DPST 

HI-5040 (752) HI-5042 (752) HI-5044 (752) 
HI-5050 (252) 


DPDT APST 
HI-5046 (752) HI-5047 (752) 
HI-5046A (252) HI-5047A(252) 


HI-5040 thru HI-5051 HI-5046A and HI-5047A 


DUAL CONTROL 

DUAL SPST DUAL SPDT DUAL DPST 

HI-5041 (752) HI-5043 (752) HI-5045 (752) 
HI-5051 (252) HI-5049 (252) 


DUAL SPST 
HI-5048 (252) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 
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HI-5040 thru HI-5051 HI-5046A and HI-5047A 


H/I-5040 Series 


Performance Characteristics and Test Circuits 
Unless Otherwise Specified: Ta = +25°9C, V+ = +15V, V- = -15V, VL = +5V, Vp = OV, Vay = 3.0V and Vay = 0.8V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE | 


ImA 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


+ 12V 
- 12V 


“ON” RESISTANCE (Ohms) 


eh 


-5 O +5 +10 +15 
ANALOG SIGNAL LEVEL (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO + 259C) 


-50° - 259 09 + 259) + 50° + 759 «+ 100° + 1250 
TEMPERATURE (°C) 
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HI-5040 Series 


Performance Characteristics and Test Circuits (Continued) 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE OFF LEAKAGE CURRENT vs. TEMPERATURE 


Ig (OFF) Ip (OFF) 


+10V— 


v 


+ 10V 


10nA 


eK 
2a 
io 
jeg 
cc 
5 
O 1nA 
WwW 
S 
< 
Ww 
| 


Ps 
ees | 
a 
a 
faa 
ine 
Ee 
ma 
a 
feed 
= 
we 


<HII 


(HI) SOXX -03 


ON LEAKAGE CURRERT vs. TEMPERATURE 


1O0pA 


ELTA 
NUE UIT NE 


——a 
= 
~~} 
= 
AERA TE 
SRS 
— 
ec 


CM NTT EL 
CIE PNT TUTTE 


+r 


TEMPERATURE (°C) 


HI-5040 thru HI-5051 HI-5046A and HI-5047A 


NORMALIZED ‘‘ON” RESISTANCE vs. ANALOG CURRENT *“ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT (mA) 
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HI-5040 thru HI-5051 HI-5046A and HI-5047A 


- (dB) 
S) 


HI-5040 Series 


“OFF” ISOLATION vs. FREQUENCY 


PUTT TTI TUT TTT ET TTT 
CUT CUT TINIE UTE ATM PATTIE TUT 
CU TTT TUTE TTI LUT CTT 
UM COTM EU TU TIL PETIT TU 


a a iste soo FLL 
CEU TELM eat inf HM 
CUT TIN PT TSS ETT LLU 


x 
O00 ON A A OE as 
su ATS TTT 


OFF ISOLATION (dB) 


1K 10K 100K 
ipabaa ENCY (Hz) 


CROSSTALK vs. FREQUENCY 


SUE Pryor 
BI ani ne 4 
SEU A as 
CTT (maa 
COMMENT Cc 


10 100 1K 10K 100K 1M 
FREQUENCY (Hz) . 


CROSSTALK 


POWER CONSUMPTION vs. FREQUENCY 


Peer eee ae wee 
Ee ele see ete eet 


uti tr atti st 
eee 
§ COCO 
Meeeneranenaee's 
” 
. CoCo 
Se eras es 
ELCOCCCcceea 
COCO 
CEP ECE er Tr 


QO 1K 10K 100K 1M 
TOGGLE FREQUENCY (50% DUTY CYCLE) (Hz) 
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PU ETT TUT TPM TTI ETE TUTTE 


Performance Characteristics and Test Circuits (Continued) 


IN OUT 


VIN 
(2V)pp 


Vv 
"OFF" ISOLATION = 20L0G {—!N 
VOUT 


SWITCHED 
CHANNEL o 


+ 10V o 


-10V ¢ 
TOGGLE ¢ 
AT 50% 
DUTY 


H/I-5040 Series 


Switching Characteristics 
ON/OFF SWITCH TIME vs. LOGIC LEVEL 


Bietieee 
ae 


300 
240 ie 
180 La 
120 imal 
60 i 
OV 0.5V ov 1.5V 
DIGITAL "HIGH" (Vay ) DIGITAL "LOW" (VAL ) 


Switching Waveforms 


Top: TTL Input (1V/Div.) Top: CMOS Input (5V/Div.) 
VAH = 3V, VAL = 0.8V VAH = 10V, VaL = OV 
Bottom: Output (5V/Div.) Bottom: Output (5V/Div.) 
Horizontal: 200ns/Div. Horizontal: 200ns/Div. 


INPUT 


OUTPUT 
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HI-5040 thru HI-5051 HI-5046A and HI-5047A 


HI-5040 thru HI-5051 HI-5046A and HI-5047A 


HI-5040 Series 


Switching Characteristics 


TTL/CMOS REFERENCE CIRCUIT* 


V+ 
VR A1 (A2) 


TO (VR ’) 


V- 


Ai (A2) 


*Connect V+ to VL for minimizing power consumption 
when driving from CMOS circuits 


SWITCH CELL 


OUT 
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HI-5040 Series 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


D1 


D2 


H1-5040 thru HI-5051 HI-5046A and HI-5047A 


ALL N-CHANNEL 
BODIES TO V- 


ALL P-CHANNEL 
BODIES TO V+ 


EXCEPT AS SHOWN 


For Further Information Refer to Application Notes 520, 521, 531, 532, and 557 in Section 10 of Data Book. 
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HI-5040 Series 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


HI-5040 thru HI-5051 HI-5046A and HI-5047A 


HI1-5040-7 
HI3-5040-5 
HI1-5040-2 
H11-5040-5 


HI3-5041-5 
HI1-5041-5 
HI1-5041-2 
HI1-5041-7 


HI3-5042-5 
HI1-5042-5 
Hl1-5042-7 
Hl1-5042-2 


H1I1-5043-7 
HI4P5043-5 
H11-5043-2 
HI3-5043-5 
Hi1-5043-5 


HI1-5044-7 
HI1-5044-5 
HI3-5044-5 
HIN-5044-2 


HI1-5045-5 
HI1-5045-7 
Hl1-5045-2 
HI3-5045-5 
HI4P5045-5 


Hi1-5046-2 
Hi1-5046-5 
Hl1-5046-7 
HI3-5046-5 


HI1-5046A-7 
HI3-5046A-5 
Hl1-5046A-2 
Hi1-5046A-5 


Hi1-5047-5 
HI1-5047-7 
HI1-5047-2 
HI3-5047-5 


HI1-5047A-5 
HI1-5047A-2 
HiI3-5047A-5 
Hi1-5047A-7 


HI1-5048-5 
HI1-5048-7 
HI3-5048-5 
HI1-5048-2 


HI4P5049-5 
Hi1-5049-5 
H11-5049-2 
HI3-5049-5 
Hi1-5049-7 


H11-5050-5 
Hl1-5050-2 
HI3-5050-5 
H11-5050-7 


HI1-5051-5 
HI1-5051-2 
HI1-5051-7 
HI4P5051-5 
HI3-5051-5 


0°C to +759C + 96 Hr. Burn-in 
0°C to +759C 
~55°9C to +125°9C 
0°C to +759C 


0°C to +759C 
09°C to +759C 
-55°C to +1250C | 
09°C to +75°C + 96 Hr. Burn-In 


0°C to +759C 
0°C to +75°C 
0°C to +759C + 96 Hr. Burn-In 
-559C to +125°9C 


O°C to +75°9C + 96 Hr. Burn-In 
0°C to +75°C 
-559C to +125°9C 
0°C to +75°C 
0°C to +759C 


0°C to +75°9C + 96 Hr. Burn-in 
O0°C to +75°C 
09°C to +759C 
-55°9C to +125°9C 


0°C to +75°C 
09°C to +759C + 96 Hr. Burn-In 
-559C to +125°9C 
0°C to +75°9°C 
0°C to +75°C 


-559C to +125°C 
0°C to +750C 
0°C to +75°C + 96 Hr. Burn-In 


0°C to +759C 


0°C to +759C + 96 Hr. Burn-In 
0°C to +759C 
-55°0C to +1259C 
0°C to +759C 


0°C to +75°C 
0°C to +759C + 96 Hr. Burn-In 
-559C to +1259C 
0°C to +759C 


0°C to +75°C 
-559C to +1259C 
0°C to +75°C 
0°C to +75°9C + 96 Hr. Burn-in 


0°C to +759C 
09°C to +75°C + 96 Hr. Burn-in 
0°C to +759C 
-559C to +1259C 


09°C to +75°C 
0°C to +75°C 
-55°C to +125°C 
O°C to +759C 
0°C to +759C + 96 Hr. Burn-In 


0°C to +75°9C 
-559C to +1259C 
0°C to +759C 
0°C to +75°9C + 96 Hr. Burn-In 


0°C to +759C 
--559C to +125°9C 
0°C to +759C + 96 Hr. Burn-in 
0°C to +759C 
0°C to +75°9C 
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16-Pin CERDIP > 
16-Pin Plastic DIP 

16-Pin CERDIP 

16-Pin CERDIP 


16-Pin Plastic DIP 
16-Pin CERDIP 
16-Pin CERDIP 
16-Pin CERDIP 


16-Pin Plastic DIP 
16-Pin CERDIP 
16-Pin CERDIP 
16-Pin CERDIP 


16-Pin CERDIP 
20-Pin PLCC 
16-Pin CERDIP 
16-Pin Plastic DIP 
16-Pin CERDIP 


16-Pin CERDIP 

16-Pin CERDIP 
16-Pin Plastic DIP 

16-Pin CERDIP 


16-Pin CERDIP 
16-Pin CERDIP 
16-Pin CERDIP 
16-Pin Plastic DIP 
20-Pin PLCC 


16-Pin CERDIP 
16-Pin CERDIP 
_ 16-Pin CERDIP 
16-Pin Plastic DIP 


16-Pin CERDIP 
16-Pin Plastic DIP 

16-Pin CERDIP 

16-Pin CERDIP 


16-Pin CERDIP 

16-Pin CERDIP 

16-Pin CERDIP 
16-Pin Plastic DIP 


16-Pin CERDIP 

16-Pin CERDIP 
16-Pin Plastic DIP 

16-Pin CERDIP 


16-Pin CERDIP 

16-Pin CERDIP 
16-Pin Plastic DIP 

16-Pin CERDIP 


20-Pin PLCC 
16-Pin CERDIP 
16-Pin CERDIP 
16-Pin Plastic DIP 
16-Pin CERDIP 


16-Pin CERDIP 

16-Pin CERDIP 
16-Pin Plastic DIP 

16-Pin CERDIP 


16-Pin CERDIP 
16-Pin CERDIP 
16-Pin CERDIP 
20-Pin PLCC 
16-Pin Plastic DIP 


GENERAL DESCRIPTION 


The IH401A is made up cf 4 monolithically constructed 
combinations of a varactor type diode and an N-channel 
JFET. The JFET itself is very similar to the popular 2N4391, 
and the driver diode is specially designed, such that its ca- 
pacitance is a strong function of the voltage across it. The 
driver diode is electrically in series with the gate of the N- 
channel FET and simulates a back-to-back diode structure. 
This structure is needed to prevent forward biasing the 
source-to-gate or drain-to-gate junctions of the JFET when 
used in switching applications. 


Previous applications of JFETs required the addition of 
diodes, in series with the gate, and then perhaps a gate-to- 
source referral resistor or a capacitor in parallel with the 
‘diode; therefore, at least 3 components were required to 
perform the switch function. The IH401A does this same job 
in one component (with a great deal better performance 
characteristics). 


Like a standard JFET, to practically perform a solid state 
switch function a translator should be added to drive the 
diode. This translator takes the TTL levels and converts 
them to voltages required to drive the diode/FET system 
(typically a OV to — 15V translation and a 3V to + 15V shift). 
With +15V power supplies, the IH401A will typically switch 
22Vp.p at any frequency from DC to 20MHz, with less than 
502 Rpsion)- 


IH401A 


‘QUAD Varafet Analog Switch 
FEATURES 


® Rps(on) = 3522 Typical 
* Ip(ofty Of 10pA Typical 


. © Switching Times of 25ns for to, and 75ns for toss 


(Ry = 1k) 
® Built-In Overvoltage Protection (+ 25V) 


© Charge Injection Error of 3mV Typical Into 0.01uF 
Capacitor 


® Ciss < 1pF Typical 
® Can Be Used for Hybrid Construction 


ORDERING INFORMATION 


IH401A CERDIP 


Figure 1: Pin Configuration 
(Outline Dwg JE) 


HARRIS SEMICONDUCTOR’'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


IH401A 


IH401A 


IH401A 


ABSOLUTE MAXIMUM RATINGS 


VEIO Vi). viciove lt cee eae se dteste eeaees Lies ee 35V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
VG to Vs, Vp We ate dire seta ds, eran acts oode tl eaven tt aot § oMcatinng te Neves a Ay 35V may cause permanent damage to the device. These are stress ratings only 
Operating Temperature ............... — 55°C to + 125°C and functional operation of the device at these or any other conditions 
Storag e Temperature ................. —65°C to + 150°C above those indicated in the operational sections of the specifications is not 
Lead Temperature (Sol dering, 10S€C) ..........00e. 300°C implied. Exposure to absolute maximum rating conditions for extended peri- 


ods may affect device reliability. . 


ELECTRICAL CHARACTERISTICS AT 25°C/125°C 


TestConditions =~ | —~—_IH4Q¥A_ 
Mowe curs 
Rpsvon) Switch “‘on” Resistance - Vorive = 15V, ae e 
VpRAIN= — 10V, Ip=10mA 


Pinch-Off Voltage Ib=1MA, Vos=10V 2 : 


Characteristic - 


ID(off) Switch “off” Current Vorive= — 15V, 
or “‘off’” Leakage VsouRCE = — 10V, 
VpRAIN= + 10V 


ID(off) Switch “off” Leakage VprRIVE = —15V, 
at 125°C Veniacs100 | 
VpRAIN= + 10V 
Is(off) Switch “off” Current Vorive= — 15V, 
VpRAIN= — 10V, 10 +500 pA 
VsouRCE = + 10V 


IS(off) Switch “off” Leakage Vorive= — 15V, 
at 125°C VsSOURCE = — 10V, 
VpRAIN= + 10V 
ID(on) + 's(on) - Switch Leakage when Vp=Vs= —10V, 
Turned “on” ~ Vprive = + 15V 
Vinject 
BV diode Diode Reverse Breakdown Vp=Vs= —-V, 
Voltage. This Correlatesto | !prRive=1pPA, 
Overvoltage Protection DRIVE = OV 
BVass Gate to Source or Gate Vorive= —V, 
to Drain Reverse Vp=Vs= OV, 
Breakdown Voltage DRIVE= 1hA 
lpss Maximum Current Switch Vorive = 15V, Vs=OV, 35 55 
can Deliver (Pulsed) p= + 10V 
a 


eed Switch “on” time (Note 1) See Figure 2 
Switch “off’’ time (Note 1) See Figure 2 


NOTE: Driving waveform must be >100ns rise and ‘fall time. 


NOTE: All typical values have been characterized but are not tested. 
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SIGNAL 
“SV 


0283~2 


IH401A 


STROBE INPUT 


#5V SIGNAL 


~5V SIGNAL 


Figure 2: Switching Time Test Circuit and Waveforms 


0283-4 
Figure 3: Analog Input Voltage Range 
Test Circuit 


APPLICATIONS 
1H401 Family 


In general, the |H401A family can be used in any applica- 
tion formally using a JFET/isolation diode combination 
(2N4391 or similar). Like standard FET circuits, the IH401A 
requires a translator for normal analog switch function. The 
translator is used to boost the TTL input signals to the 
+ 15V analog supply ievels which allow the I1H401A to han- 
dle +10V analog signals. A typical simple PNP translator is 
shown in Figure 5. 


1/4 OF IH401A 


pee oe 


FROM TTL 
OPEN COLLECTOR 
LOGIC 


Figure 5 


NOTE: All typical values have been characterized but are not tested. 


Vout 


[coeur 


Figure 4: Charge Injection Test Circuit 


0283-5 


Although this simple PNP circuit represents a minimum of 
components, it requires open collector TTL input and troff is 
limited by the collector load resistor (approximately 1.5us 


for 10k). Improved switching speed can be obtained by 


increasing the complexity of the translator stage. 


A translator which overcomes the problems of the simple 
PNP stage is the Harris IH6201.* This translator driving an 
1H401A varafet produces the following typical features: 


® ton time of approx. 200ns ' break before 
© tof time of approx. 80ns make switch 


+2.4V 
e TTL compatible strobing levels of 
0.4V 


® Ip(on) + 'son) typically 20pA up to + 10V analog signals 

© Ipvotty OF Iscoft) typically 20pA 

© Quiescent current drain of approx. 100nA in either “on” 
or “off” case 


*The IH6201 is a dual translator (two independent trans- 
lators per package) constructed from monolithic CMOS 
technology. The schematic of one-half |H6201, driving one- 
fourth of an IH401A, is shown in Figure 6. 


IH401A 


IH401A 


IH401A 


10k? 


2.4V 


0.4V cmos 
INPUT 
STROBE 


| ’ VARAFET 


+ 15V 


—15V OV 


TRANSLATOR (1H6201) 
0283-8 


NOTE: Each translator.output.has a @ and @ output. @ is just the inverse of @ i.e., (@ output is 180°: out of phase with respect to 6 output). 


* Figure 6: IH6201 Driving An 1H401A 


NOTE: Either switch is turned on when strobe input goes high. 


Figure ‘7: Dual SPST Analog Switch 


NOTE: All typical values have been characterized but are not tested. 
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IH401A 


T2L INPUT 1 


T2L INPUT 2 


A very useful feature of this system is that one-half of an 
IH6201 and one-half of an |H401A can combine to make a 
SPDT switch, or an IH6201 plus an IH401A can make a dual 
SPDT analog switch. (See Figure 9) 


T2L INPUT 


T2L INPUT 


0283-12 


Figure 10: Dual DPST Analog Switch 


NOTE: All typical values have been characterized but are not tested. 


7-91 


IH401A 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


Ris 


SEMICONDUCTOR 


wD 


1H5009=5012, 5014, 


5016 = 5020, 5022, 5024 


GENERAL DESCRIPTION 

The IH5009 series of analog switches were designed to 
fill the need for an easy-to-use, inexpensive switch for both 
industrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 

Each package contains up to four channels of analog gat- 
ing and is designed to eliminate the need for an external 
driver. The odd numbered devices are designed to be driv- 
en directly from TTL open collector logic (15 volts) while the 
even numbered devices are driven directly from low level 
TTL logic (5 volts). Each channel simulates a SPDT switch. 
SPST switch action is obtained by leaving the diode cath- 
ode unconnected; for SPDT action, the cathode should be 
grounded (0V). The parts are intended for high performance 
multiplexing and commutating usage. A logic “0” turns the 
channel ON and a logic ‘‘1” turns the channel OFF. 


ORDERING INFORMATION > 


Basic Logic 
115009 | 4 | +45 | DPD 
#510, || SS 4 | +5 | (DPD 
1H5011 | 4 | +16 | DE PE 
1H5012 DE,PE 
IH5014 3 DD,PD 


IH5016 

IH5017 

IH5018 

IH5019 
2 


IH5020 


IH5022 
IH5024 1 

NOTE: Mil-Temperature range (—55°C to +125°C) available in ceramic 

packages only. 


> 


At 


-) 


' 
ao 


DD,PA 
DD,PA 
DE,PA 
DE,PA 
DD,PA 
DE,PA 


i: 
o 


Virtual Ground 
Analog Switch 


FEATURES 
® Switches Analog Signals Up to 20 Volts Peak-to-Peak 


© Each Channel Complete - Interfaces With Most 
Integrated Logic | 


® Switching Speeds Less Than 0.5y:s 
® ID(oFF) Less Than 500pA Typical at 70°C 
© Effective rys(ony — 52. to 502 


© Commercial and Military Temperature Range 
Operation 


IH5OXX M DE 


pies Package 


PA — 8-pin PLASTIC DIP 
PD - 14-PIN PLASTIC DIP 
PE — 16-PIN PLASTIC DIP 
DD - 14-PIN CERAMIC DIP 
DE — 16-PIN CERAMIC DIP 


TEMPERATURE RANGE 
M = MILITARY (—55°C to + 125°C) 
C = COMMERCIAL (0°C to + 70°C) 


BASIC PART NUMBER 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 7-92 


IH5009-501 2, 5014, 5016-5020, 5022, 5024 


ABSOLUTE MAXIMUM RATINGS 


Lead Temperature (Soldering, 10sec) 


Shi a arsesiedy ortste Gs Oa Ane tle ear Wt ne 0°C to + 70°C 
Se Te er —55°C to + 125°C 


Positive Analog Signal Voltage ..................005 30V 

Negative Analog Signal Voltage .................. —15V Operating Temperature 
DIOdS CUCM: naae 5-386 anc cine gag. ae hada karen ee 10mA 5009C Series 

Power Dissipation (Note) ................2000 eee 500mW 5009M Series 
Storage Temperature ................ —65°C to + 150°C 


Sere oee 2 300°C 


NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below 75°C. For higher 


temperature, derate at rate of 5m/W’°C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 


maximum rating conditions for extended periods may affect device reliability. 


IH5009 (rps(ony< 1009) 1H5010 
(ros(on) < 1502) 14 PIN DIP 
(OUTLINE DWGS DD, PD, JD) 


1H5011 (rps(ony < 1002) 1H5012 
(TpS(ON) < 1502) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 


0284-2 


1H5017 (rps(on) < 1002) 1H5018 
(Tps(on)< 1502) 8 PIN DIP 
(OUTLINE DWGS DD, PA, JD) 


0284-1 
1H5016 
(rps(on) < 1502) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 


0284-4 


1H5022 (rps oni 1509) 


8 PIN DIP (OUTLINE DWGS DD, PA, JD) 


(Note: Numbers in brackets refer to CERDIP packages.) 


Figure 1: Pin Connections 


NOTE: All typical values have been characterized but are not tested. 
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8 PIN DIP (OUTLINE D 


1H5014 
(rpsiony < 1502) 14 PIN DIP 
(OUTLI E DWGS DD, PE, JE) 


1H5019 (Tps(ON *. 10022) 1H5020 
(Tos(ON -. 15092) 8 PIN DIP 
(OUTLINE DWGS DE, PA, JE) 


Se NSD ons 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


1H5009-5012, 5014, 5016-5020, 5022, 5024 


FOUR CHANNEL 


 1H5009 ("ps(on) < 1002) 
1H5010 (rps;on) < 1502) 


TWO CHANNEL 


1H5017 (rps(ony < 1002) 
1H5018 (rps(on) < 1502) 
8 PIN DIP 


“A , 
pr ie 


IH5011 (Fps(ony < 1002) 
1H5012 (rpsion) < 15029) 
14 PIN DIP 16 Pl 


0284-10 


IH5019 (rps(ony < 1002) 
IH5020 (foe. 


ON) < 1502) 
8 PIN DIP 


0284-14 


THREE CHANNEL 


1H5014 (DS(ON) 1502) 1H5016 (os(On) 1500) 
16 PIN DIP 


0284-12 


SINGLE CHANNEL 


1H5022 (rpsjony < 1502) 
8 PIN DIP 


1H5024 (rpsjon) < 1509) 
8 PIN DIP 


Figure 2: Device Schematics and Pin Connections 


NOTE: All typical values have been characterized but are not tested. 
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IH5009-5012, 5014, 5016-5020, 5022, 5024 


ELECTRICAL CHARACTERISTICS (per channel) 


me Type 
t 
Characteristic (Note 4) 


fmpuicurenOn | AL Wasovip=ama | 
oe 


Specification Limit 


TEST 
Conditions — 55°C (M) 25°C + 125°C (M) 
(Note 2) o°c (C) + 70°C (C) 


Min/Max Typ|Min/Max Min/Max 


} 


Z |Z 
ome 
a1 
=} 
uo) 
Cc 
- 
?) 
Cc 
= 
4?) 
= 
O 
a0 
Tl 


Channel Control Voltage-OFF] 15V Logic Ckts}See Figure 8, Note 3 
Leakage Current-OFF 5V Logic Ckts |Vin= + 4.5V, Va= +10V 
Leakage Current-OFF 15V Logic Ckts}Viy = +11V, Va= +10V 


Leakage Current-ON 5V Logic Ckts | Vin = OV, Is = 1MmA 


1000 (M) 
200 (C) 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


0.30) +1. 


io) 


500 (M) 
100 (C) 


=) =) ~ > a) 3 1 


— 
(2) 
1+ 
= 
on) 


Leakage Current-ON 15V Logic Ckts] Vij = OV, Ig =1mA 


) |Leakage Current-ON 5V Logic Ckts |Vin = OV, Is =2mA 
) {Leakage Current-ON 15V Logic Ckts} Vin = OV, Ig = 2mA 


| 2.0 
) |Drain-Source-ON-Resistance | 5V Logic Ckts |Ip = 2mA, Vin =0.5V 385 (M) 
150 150 
240 (C) 
!DS(ON) |Drain-Source ON-Resistance |15V Logic:Ckts}Ip = 2mA, Vin = 1.5V 100 ee ee 


on) __|Turn-ON Time |All [SeoFiguessas | | 160] 500 | 
oi _[Turn-OFF Time |All |seoFiquessae | |300)_ 00 | 
CT __|cross Tatk LAF 100H2 ees a 


NOTES: 1. (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 
2. Refer to Figure 2 for definition of terms. 
3. VIN(ON) 4Nd Vin(oFF) are test conditions guaranteed by the tests of DS(ON) and Ip(orF) respectively. 
4. “5V Logic CKTS” applies to even-numbered devices. ‘'15V Logic CKTS” applies to odd-numbered devices. 


ojo 9} 
L2 Io 0 O 
Oo |j2 |2 za 
Zz —— 

[o) 


— 


—_— 


ee 


NOTE: All typical values have been characterized but are not tested. 
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IH5009-5012, 5014, 5016-5020, 5022, 5024 


IH5009=5012, 5014, 5016-5020, 5022, 5024 


TYPICAL PERFORMANCE CHARACTERISTICS 


ID(ON) VS- Ig AT 25°C 


& 1000 4 
2 2 
re] ro] 
' ( 
- e 
z 2 
wl tv¥y 
«x x 
s = 
o 100 oO 
Ww ws 
O ro) 
} I i 
4 | 4 
ul ea 4 
t ray ’ 
10 Zz 
& 05 1.0 1.5 2.0 2.5 & 
2 cS) 


0284-17 


Rps(on) VS- TEMPERATURE 
(NORMALIZED TO 25°C 
VALUE) 


CROSSTALK AS A 


Ros.on) - NORMALIZED TO 25 C 
CROSSTALK (48) 


0 25 50 75 


TEMPERATURE ¢ C) FREQUENCY (Hz) 
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DETAILED DESCRIPTION 


The signals seen at the drain of a junction FET type ana- 
log switch can be arbitrarily divided into two categories; 


- those which are less than +200mV, and those which are 


greater than +200mV. The former category includes all 
those circuits where switching is performed at the virtual 
ground point of an op-amp, and it is primarily towards these 
applications that the IH5009 family of circuits is directed. 


By limiting the analog signal at the switching point to 


+200mV, no external driver is required and the need for 


additional power supplies is eliminated. 


Devices are available with both common drains and with 
uncommitted drains. 


NOTE: All typical values have been characterized but are not tested. 


FUNCTION OF FREQUENCY 


0284-21 
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(per channel) 


ID(on) VS. TEMPERATURE ID(orF) VS. TEMPERATURE 


Ip FF) — LEAKAGE CURRENT - OFF (pA) 


CROSSTALK MEASUREMENT CIRCUIT 


10 kQ 


+5V (5010 ETC) 
+ 15V (5009 ETC) 


0284-22 


Those devices which feature common drains have anoth- 
er FET in addition to the channel switches. This FET, which 
has gate and source connected such that Vqgs=9, is in- 
tended to compensate for the on-resistance of the switch. 
When placed in series with the feedback resistor (Figure 3) 


the gain is given by: 


GAIN = 10k. + rps(ony(compensator) 
10kQ + rps(switch) 


IHS5009-5012, 5014, 5016-5020, 5022, 5024 


COMPENSATION 
FET 


\ 


SERIES 
ELEMENT 


ANALOG 
OUTPUT 


0284-23 
Figure 3: Use of Compensation FET 


Clearly, the gain error caused by the switch is dependent 
on the match between the FETs rather than the absolute 
value of the FET on-resistance. For the standard product, 
all the FETs in a given package are guaranteed to match 
within 500. Selections down to 52. are available however. 
Contact factory for details. Since the absolute value of 
fDS(ON) iS guaranteed only to be less than 1002 or 1500, a 
substantial improvement in gain accuracy can be obtained 
by using the compensating FET. 


DEFINITION OF TERMS 


Rosion) COMPENSATING 
ELEMENT 


SERIES 
ELEMENT 


ELEMENT 


Figure 4. 


NOISE IMMUNITY 


The advantage of SPDT switching is high noise immunity 
when the series elements is OFF. For example, if a +10V 
analog input is being switched by TTL open collector logic, 
the series switch is OFF when the logic level is at +15 
voits. At this time, the diode conducts and holds the source 
at approximately +0.7 volts with an AC impedance to 
ground of 25 ohms. Thus random noise superimposed on 
the +10 volt analog input will not falsely trigger the FET 
since the noise voltage will be shunted to ground. 


When switching a negative voltage, the input further in- 
creases the OFF voltage beyond pinch-off, so there is no 
danger of the FET turning on. 


NOTE: All typical values have been characterized but are not tested. 
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SWITCHING CHARACTERISTICS 


Va => 10V 


+15V 
VIN 


5k 
Eour (Ci< 10 pF) 
S 
D 


Eour (Cy + 10 pF) 


VIN 
PW = Sus 
t,<O. tus 
tye OTs 
OUTPUT 
Va =10V 


OUTPUT 
Va=—-10V 
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Figure 6: Standard DTL, TTL, RTL 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


IH5009-5012, 5014, 5016-5020, 5022, 5024 


IH5009-5012, 5014, 


LOGIC INTERFACE CIRCUITS 


- ANALOG 
INPUT (Va) 


Se 


0284-28 
Figure 7: Interfacing with + 5V Logic 


ANALOG 
INPUT (Vin) 
e 


Figure 8: Interfacing with + 15V 
Open Collector Logic 


NOTE: All typical values have been characterized but are not tested. 


5016-5020, 5022, 5024 


“APPLICATIONS (Note) 


2 10k2 


' -V 
L——-{~-|--]-~-]-~ 27 cuaractenistics GAIN = OU" - Reg 
12 Yin 


wea oe” 
GAIN SELECT 


0284-30 
Figure 9 


ANALOG 
INPUTS 


CHARACTERISTICS TYPICAL OUTPUT 
VOLTAGE DRIFT 
S CHANNEL <SmV/sec 
SELECT 
SAMPLE/HOLO 
SELECT 


Figure 10 


NOTE: Additional applications information is given in Appli- 
cation Bulletins A003 “Understanding and Applying the An- 
alog Switch” and A004 “The 5009 Series of Low Cost Ana- 
log Switches”. 
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IH5043 


High-Level CMOS Analog Switch 


GENERAL DESCRIPTION 


The IH5043 analog switch uses an improved, high 
voltage CMOS monolithic technology. These devices 
provide ease-of-use and performance advantages not 
previously available from solid state switches. 


Key performance advantage is TTL compatibility and 
ultra’ low-power operation. The quiescent current 
requirement is less than 1MA. Also, the IH5043 guaran- 
tees Break-Before-Make switching, accomplished by 
extending the ton time (800ns TYP), so that it exceeds 
toft time (200ns TYP). This insures that an ON channel 
will be turned OFF before an OFF channel can turn ON. 
The need for external logic required to avoid channel to 
channel shorting during switching is eliminated. 


The 1H5043 improves upon and is pin-for-pin and 
electrical replacement for other solid state switches. 


FEATURES 
e See HI504X and 1H514X for Other Functions 
e Dual SPDT 


¢ Switches Greater Than 20Vpp Signals With +15V 
Supplies 


¢ Quiescent Current Less Than 1A 


¢ Break-Before-Make 
ton 300ns Typical 


¢ TTL, DTL, CMOS, PMOS Compatible 


Switching tog 200ns, 


ORDERING INFORMATION 


O GND 
O VE 


ne 
ie é 
ae: wa 


vr 


Figure 1: Functional Driver, Typical 
Driver, Gate - IH5043 


TEMPERATURE 
RANGE PACKAGE 


~55°C to +125°C 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


1H5040-1H5047 


1H5040-1H5047 


ABSOLUTE MAXIMUM RATINGS 


Vite a dca nar tl eine anh oe u eae Be aula wake esn <36V Current (Any Terminal) .............. 00000 cues <30mA 
MCA () jbaenancey aien deta a here eeanne Mant beneead <30V Storage Temperature ................ —65°C to + 150°C 
Vi ee etd Berard eh eed ota wean tee ahh a Oe 2... <30V Operating Temperature . 

VE Vet ian tecorn anes acest euoete wn areesiess <+22V Mi. Actiew et outa ares ee eases — 55°C to + 125°C 
MIEN <aBate taeed et 4oeate ce sachnay pa rerentwaaes <33V CO. Se lea eed ute tok cmun i adinia eae hee 0°C to + 70°C 
N (ie WIRE cose beets ei eee Se Pa dte coulis pelts gone <30V Lead Temperature (Soldering, 10sec) ............. 300°C 
VO-GND 2 ce dcurgadarsa ees acta seen scenes <20V Power DISSIPANION ics ened ceed vee hi wees 450mW 
Vine GIN DD): 2a sep ceed nee ae OSs Ow ee, tae ee <20V (All Leads Soldered to a P.C. Board) 


Derate 6mW/°C Above 70°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (@25°C,v+= +15v, V- =—15V,V_= +5V) 


rol Shane ~~ Min/Max Limits 
Symbol Characteristic Test Conditions Military | Commercial —_| 


lIN(ON) Input Logic Current | Vin=2.4V si 
IIN(OFF) | Input Logic Current =| Vij =0.8V +1 + 


DS(on) Drain-Source On Is=10mA 75 


Resistance VANALOG = + 10V to + 10V 
Arps(on) | Channel to Channel 25 
'Ds(ON) Match (typ) 
+11 
(typ) 


VANALOG | Min. Analog Signal 


Handling Capability 
+2 


aw 
io) 


I+ 
oh 
io) 


~~ 
+ 
—< 
aS) 
— — 


~~ 
tp a 
—< 
Ke) 


ID(IOFF)/ | Switch OFF Leakage | VanaLoa= — 10V to + 10V 
IS(OFF) Current 

ID(ON) Switch On Leakage | Vp=Vs=—10V to + 10V 
+Ig(ony | Current 


ton Switch “ON” Time R,_ = 1k, VanacoG = — 10V 
to + 10V See Fig. 3 


loft Switch “OEF” Time | RL =1k9, Vanatog = — 10V 
to +10V See Fig.3 


Qing.) . | Charge Injection See Fig. 4 | 
Min. Off Isolation f= 1MHz, R, = 1002, Cy <5pF 
Rejection Ratio See Fig. 5 


I+ 
ao 
= 
oO 
oO 


+ 
— 
© 


oi 
j=) 
io) 


(typ) 


54 


oi 
jo) 


|+ Q 
I~ La 
IGND Gnd Supply 
Quiescent Current 


CCRR Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


V+ Power Supply 
Quiescent Current 
V— Power Supply 
Quiescent Current 
+ 5V Supply 

Quiescent Current 


—_— 
ge 
oO 
oO 


a 
[o) 
io) 


Vt=+15V, V- = —-15V, 
VL=+5V 


One Channel Off; Any Other 
Channel Switches as per Fig. 6 


~ 


+ 


—_ 
© 
io) 


+4 
+1 
+4 


—_— 


Zz 
oO Ze) 
— 

—h 

(o>) 

jen) 


Note: Typical values are for design aid only, not guaranteed and not subject to production testing. 


NOTE: Alf typical values have been characterized but are not tested. 
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1H5040-1IH5047 


SWITCH STATES ARE (OUTLINE DWGS 
FOR LOGIC “1” INPUT (OUTLINE DWG FD-2) DE, JE, PE, Y) 


SPST 1H5040 
("ps(on) < 752) 


IH5040-1H5047 


DUAL SPST 1H5041 
(Fps(on)< 752) 


SPDT IH5042 
(Tps(on) < 752) 


DUAL SPDT 1H5043 
(Tps(on) < 752) 


0286-10 
Figure 2: Switching State Diagrams 


NOTE: All typical values have been characterized but are not tested. 
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IH5040-1H5047 


1H5040-1IH5047 


SWITCH STATES ARE (OUTLINE DWGS 
FOR LOGIC “1” INPUT (OUTLINE DWG FD-2) DE, JE, PE) 


DPST 1H5044 
(Fps(on) < 752) 


DUAL DPST 1H5045 
(Tos(on) < 752) 


0286-15 


DPDT 1H5046 
(rps(ON) <750) 


0286-17 


4PST 1H5047 
(rps (ON) <752) 


0286-19 


Figure 2: Switching State Diagrams (Cont.) 


NOTE: All typical values have been characterized but are not tested. 
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IH5040-IH5047 °5 
© 
) 
TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) = 
CHARGE INJECTION vs VanaLoG ° 
Rpsvon) VS VanaALoG SIGNAL Rpsjon) Vs POWER SUPPLY VOLTAGE (SEE FIG. B) Cy = 10,000pF : 
160 40 
i [Titi ttt & 
“ ote reese 
= SERS 
“@ 80 ES E 25 
« cai 5 
z 
Oo 


= 

i 

z 
Seeks 
Zee 2e 


0 10 
-605-35 0 95 5 78 78 10 -10 -75 -5 -25 0 25 5 75 10 : 
Vanatoc (V) Vanatos (V) ~10 -75 -5 -25 0 25 5 75 10 
0286-21 wekb= 26 Vanatoc (V) 
0286-23 
_ oe 
é | 7 
—_ | | Vout 
2 | | 1002 
= 
S | { no 
> | i= 
3V . — 
2Vpp 
200mVpp i wt L )+>- I @1MC 
| focar = 20L0G Vour (mVpp) ey SWITCHED 519 
0 ee a CHANNEL = ‘~ — ~~~ — 
1 10 100 1k 10k 100k 1M 1000 
FREQUENCY (Hz) = = = 
0286-25 
0286-24 
a 
a= 
ram OFF STATE 
ke DEPENDS ON PART 
J 
> Vout 
eee a 
2000mVpp . 
IRR = 20 
0 ee = 70108 our (mvpp) a sites 
1Hz 10Hz 100Hz 1k 10k 100k 1M 
FREQUENCY (Hz) 
0286-26 


NOTE: All typical values have been characterized but are not tested. 
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1H5040-1H5047 


1IH5040-1IH5047 


TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
POWER SUPPLY QUIESCENT CURRENT vs LOGIC FREQUENCY RATE 


3V 


0 I i LOGIC IN [ | 


oo 


0286-29 


‘QUIESCENT (EITHER ¢ OR - SUPPLY) WA} 


LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 


0286-28 


TEST CIRCUITS 


AWALOG INPUT ANALOG INPUT 
10V 


3V Vv LOGIC INPUT 


Locic INPUT = 
INPUT 
Vout 
10,000pF T 


0286-31 


0286-30 
Figure 3 : Figure 4 Figure 5 


NOTE 1: Some channels are turned on by high ‘‘1” logic inputs and other channels are turned on by low ‘‘0” inputs; however 0.8V to 2.4V describes the min. range 
for switching properly. Refer to logic diagrams to see absolute value of logic input required to produce “ON” or “OFF” state. 


APPLICATIONS 


O 
512 -15V 


10 


000 pF 
LT POLYSTYRENE 


LOGIC INPUT 


+3V = > SAMPLE MODE 
OV = > HOLD MODE 


0286-33 
Figure 6: Improved Sample & Hold Using IH5043 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 


EXAMPLE: If —Vanatog = —10VDC and 
+VanNALoG = +10VDC then Ladder Legs 
are switched between + 10VDC, depending 
upon state of Logic Strobe. 


~VANALOG | 


1H5040-IH5047 


+VanaLoa 


JIL 


T2L 
LOGIC 
STROBE 


T2L 
+VaNALoG LOGIC 


STROBE 


0286-34 


Figure 7: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 


SIGNAL 


input © 


Constant gain, constant Q, variable frequency filter which 
Provides simultaneous Lowpass, Bandpass, and Highpass 
Outputs. With the component values shown, center frequency 
will be 235Hz and 23.5Hz for high and low logic inputs 
respectively, Q = 100, and Gain = 100. 


fp, = Center Frequency = 5 


WRC 


10,000 pF 


10,000 pF 


BANDPASS 
OUTPUT 


LO PASS 
OUTPUT 


STROBE 


0286-35 


Figure 8: Digitally Tuned Low Power Active Filter 


NOTE: All typical values have been characterized but are not tested. 
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1H5040-1IH5047 


1H5040-1H5047 


1H5040-1H5047 


APPLICATIONS (Continueg) 


Figure 9: Interfacing with TTL Open Collector Logic 
(Typ. Example for + 15V: Case Shown) 


I 


18V> vt > SV 
OV > v- >-15V 


Figure 10: Interfacing with CMOS Logic 


NOTE: All typical values have been characterized but are not tested. 
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1H5040-1H5047 


APPLICATIONS (Continued) 


l1H5040-1H5047 


+15V OR +Vcc(V; TERMINAL) 


Figure 11: TTL Logic Interface 


NOTE: All typical values have been characterized but are not tested. 
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IH5052/IH5053 


rm) 


Ca RIS 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The IH5052/3 analog switches use an improved, high 
voltage CMOS technology, which provides performance ad- 
vantages not previously available from solid state switches. 
Key performance advantages are TTL compatibility and ul- 
tra low-power operation — the quiescent current require- 
ment is less than 10pA. 


The 1H5052/3 also guarantees Break-Before-Make 
switching. This is accomplished by extending the ton time 
(400ns TYP.) such that it exceeds torr time (200ns TYP.). 
This insures that an ON channel will be turned OFF before 
an OFF channel can turn ON, and eliminates the need for 
external logic required to avoid channel to channel shorting 
during switching. With a logical “0” (0.8V or less) at its con- 
trol inputs, the IH5052 switches are closed, while the 
IH5053 switches are closed with a logical “1” (2.4V or 
more) at its control inputs. 


Figure 1: Functional Diagram 


1H5052/IH5053 
QUAD CMOS Analog Switch 


FEATURES 

® Switches Greater Than 20Vpp Signals With + 15V 
Supplies 

® Quiescent Current Less Than 10uA 

® Break-Before-Make Switching tore 100ns, ton 250ns 
Typical 

© TTL, CMOS Compatible 

© 1H5052 4 Normally Closed Switches 

© IH5053 4 Normally Open Switches 

© Low Rps(on) 502 Typical 


ORDERING INFORMATION 
IH505X C DE 


LL Package 


DE= 16-Pin Ceramic DIP 
Temperature Range 

M = Military 

C = Commercial 


Basic Part Number 


Outline Dwgs DE 
Dual-in-Line Package 


v 
(SUBSTRATE) 
Wi 


Switch States are 
for Logic “1” Input 


0288-2 
Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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IH5052/IHS053 


ABSOLUTE MAXIMUM. RATINGS 


goa | Coat See ee Tine Ten TOO ren eo Ere ee <36V Power Dissipation 0235. .cacssaieeeceeseces ees 450mW 
VP ii 1 saat a Riereetetciss Ait a atone ceed stae Aact <30V (All Leads Soldered to a P.C. Board) 

Vig. iccenkicelnwuanenet wieatna tes eee <30V Derate 6mW/°C Above 70°C 

Vin> Ve Steet eta ee ached e sett aes eet <+22V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
V_-V ee th Fat en, Mites A ohne Semi Sok tnt Gee ha <33V may cause permanent damage to the device. These are stress ratings only 
Vi-Vin 9 oe eee ee aN e hai ater ae <30V and functional operation of the device at these or any other conditions 
Vi- COND adh ce hohe whet dtes Mute Ne ok Pachter eed ate <20V abo ve those indicated in the operational sections of the specifications is not 
Vi se GN iloe ap tant hone teckel acne che atta paoecsten: <20V implied. Exposure to absolute maximum rating conditions for extended peri- 
Current (Any Terminal) ............ 00. e cee eeeee <30mA eta Daa oe Grenier eVaean: 

Storage Temperature ................ — 65°C to + 150°C 

Operating Temperature .............. — 55°C to + 125°C 

Lead Temperature (Soldering, 10sec) ............. 300°C 


ELECTRICAL CHARACTERISTICS (ta=25°C, Vt = +15V, V- = —15V, VL= +5V) 


Per Channel! Min/Max Limits 
Test Conditions Military 


Symbol Characteristic | + 25°C +70°C 
Non) __ [Input Logic Current | Vin=2.4V (IH5053)=0.8V (IH5052) | 10 | +1 
liIN(OFF) | !nput Logic Current = | Vin =0.8V (!IH5053) = 2.4V (IH5052) ey] 


Drain-Source On Is = 10MA, Vanalog= — 10V to + 10V 75 
Resistance 
Arpson) | Channel to Channel 

'ps(ONn) Match 


10 
10 


5 


7 
25 
VANALOG | Min. Analog Signal 
Handling Capability 
ID(OFF) / | Switch OFF Leakage | VanaLoG = — 10V to + 10V 
IS(OFF) Current 
ID(ON) Switch On Leakage | Vp=Vs=—10V to +10V 
+Is(on) | Current 


> =e JE 


1 


Ss HIe 
Me se 
RS ear oD 


5 


at 

as 
See Fig. 3 

2 


2 
00 
Switch “OFF” Time | R= 1k, Vanalog= —10V to + 10V By 
See Fig. 3 


Charge Injection See Fig. 4 
Min. Off Isolation f= 1MHz, Ry = 1002, C, <5pF 
Rejection Ratio See Fig. 5 
[+ + Power Supply , 
Quiescent Current 
— Power Supply Vt = +15V, V~- = —15V, Vi = +5V 
Quiescent Current | with GND 


Vi +5V Supply 
Quiescent Current 


~_-~ 
oh 
oO 

— 


typ 
54 


D| 6 s} 
= 7 i€?) 
ra m1 S 
<a Zz 


1 
, 


0 
0 


Min. Channel One Channel Off 
to Channel 

Cross Coupling 

Rejection Ratio 


5 


10 
- 
10 


2) 
2) 
D 
D 


NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 


NOTE: All typical values have been characterized but are not tested. 
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IH5052/IHS5053 


1H5052/1H5053 


TEST CIRCUITS 


ANALOG INPUT 
9 10V 


Figure 3 


1H5052/1IH5053 


ANALOG INPUT 


TT 
LOGIC INPUT 


(NOTE 1) T) t 


Figure 4 Figure 5 


NOTE 1: The 5053 is turned on by high “1” logic inputs and the 5052 is turned on by low ‘‘0” inputs; however 0.8V to 2.4V describes the min. range for switching 
properly. Refer to logic diagrams to see absolute value of logic input required to produce .“ON” or “OFF” state. 


TYPICAL PERFORMANCE CHARACTERISTICS = (Per Channel) 


'ps(ON) vs Vanacoc SIGNAL 


Ros (81) 
Ros (§}) 


0 
~10 -75 -§ -25 0 25 5 7.5 10 
VANALOG (V) 


0288-6 


Va (CROSS (dB) 


1 10 100 tk 10k 100k 1M 
FREQUENCY (Hz) 


0288-9 


NOTE: All typical values have been characterized but are not tested. 


rps(ON) vs CHARGE INJECTION vs Vanatoc 
POWER SUPPLY VOLTAGE (SEE Figure B) C= 10,000pF 


Qinsect (mVpp) 


TTL LEVELS _t L 


SWITCHED 
CHANNEL 


0288-10 


Cross Coupling Rejection 
Test Circuit 
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IH5052/IH5053 ° 
Ww) 
4 
TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) (Continued) = 
OFF ISOLATION vs FREQUENCY . 
(o] 
w 
= 
$ 
f 
° OFF STATE 
x DEPENDS ON PART 
Vout 
OIRR.= 20L0G SSRN 1001) 
1Hz 10Hz 100Hz Ik 10k 100k 1 = 
FREQUENCY (Hz) 
0288-12 
0288-11 Off Isolation Test Circuit 
POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 
< 1000 
> 
z | | LOGIC IN | 
3 TTL LEVEL 
a 
be 1 oe | 
(o) 
+ T 
« 
rd 
= 10 0288-14 
es Logic Input Waveform 
z 
5 
5 
Q -1 
1 10 = 100 Ik 10& 100k 


LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 
0288-13 


Figure 6: + 15V Open Collector TTL Interface to 1H5052/5053 


NOTE: All typical values have been characterized but are not tested. 
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1H5052/1H5053 


IH5052/IH5053 


APPLICATIONS 
PROGRAMMABLE GAIN NON-INVERTING AMPLIFIER WITH’SELECTABLE INPUTS 


+15V 


0288-16 
Figure 7: Active Low Pass Filter with Digitally Selected Break Frequency 


SEQUENCER ANALOG SWITCH 
(2 BIT BINARY COUNTER) 


MUX 
SEQUENCE o 
RATE 


RESET C 


DUAL J-K FLIP FLOP 3 INPUT NAND 
POSSIBILITIES POSSIBILITIES ' 
TTL - SN5473 TTL - 1 1/3 SN5410 
CMOS - C04027 CMOS - 1 1/3 CD4023 


Sequence 
Rate 


1 pulse 
2 pulses 
3 pulses 
4 pulses 


Figure 8: 4-Channel Sequencing MUX 


NOTE: All typical values have been characterized but are not tested. 
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IHS052/IHS5053 


A LATCHING DPDT SWITCH 


The latch feature insures positive switching action in re- 
sponse to non-repetitive or erratic commands. The A, and 
Ao inputs are normally low. A HIGH input to Ao turns S;.and 
So ON, a HIGH to A, turns S3 and S4 ON. Desirable for use 
with limit detectors, peak detectors, or mechanical contact 
closures. 


1H5052/IH5053 


TRUTH TABLE (IH5052) 


Command State of Switches 
After Command 


QUAD 2 INPUT 
NAND GATES 
TTL - DM7400 

OR 0M5400 


CMOS - CD4011 | INDETERMINATE 


or DM74C00 


0288-18 
Figure 9: A Latching DPDT 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


Hh). 


mw FIs 


SEMICONDUCTOR 


GENERAL DESCRIPTION 


The IH5140 Family of CMOS switches utilizes Harris’ 
latch-free junction isolated processing to build the fastest 
switches currently available. These switches can be toggled 
at a rate of greater than 1MHz with super fast to, times 
(80ns typical) and faster tos times (50ns typical), quarantee- 
ing break before make switching. This family of switches 
combines the speed of the hybrid FET DG180 family with 
the reliability and low power consumption of a monolithic 
CMOS construction. 


OFF leakages are guaranteed to be less than 200pA at 
25°C. Very low quiescent power is dissipated in either the 
ON or the OFF state of the switch. Maximum power supply 
current is 1A from any supply and typical quiescent cur- 
rents are in the 10nA range which makes these devices 
ideal for portable equipment and military applications. 

The 1H5140 Family is completely compatible with TTL 
(5V) logic, TTL open collector logic and CMOS logic. It is pin 
compatible with Harris’ IH5040 family and part of the 


DG180/190 family as shown in the switching state dia- 


grams. 


ORDERING INFORMATION 


Order Temperature 


IH5140 MJE | SPST 16 Pin CERDIP — 55°C to 125°C 
IH5140 CJE | SPST 16 Pin CERDIP 0°C to 70°C 
IH5140 CPE | SPST 16 Pin Plastic DIP | 0°C to 70°C 
IH5141 MJE | Dual SPST | 16 Pin CERDIP — 55°C to 125°C 
1H5141 CJE Dual SPST | 16 Pin CERDIP 0°C to 70°C 
IH5141 CPE | Dual SPST } 16 Pin Plastic DIP | 0°C to 70°C 
IH5142 MJE | SPDT 16 Pin CERDIP — §5°C to 125°C 
1H5142 CJE SPDT 16 Pin CERDIP 0°C to 70°C 
IH5142 CPE | SPDT 16 Pin Plastic DIP | 0°C to 70°C 
IH5143 MJE | Dual SPDT | 16 Pin CERDIP — 55°C to 125°C 
1H5143 CJE Dual SPDT } 16 Pin CERDIP 0°C to 70°C 
IH5143 CPE | Dual SPDT | 16 Pin Plastic DIP | 0°C to 70°C 
IH5144 MJE | DPST 16 Pin CERDIP — 55°C to 125°C 
1H5144 CJE DPST 16 Pin CERDIP 0°C to 70°C 
IH5144 CPE | DPST 16 Pin Plastic DIP | 0°C to 70°C 
1H5145 MJE | Dual DPST | 16 Pin CERDIP — 55°C to 125°C 
1H5145 CJE Dual DPST | 16 Pin CERDIP 0°C to 70°C 
IH5145 CPE | DualDPST | 16 Pin Plastic DIP | 0°C to 70°C 


Note: 1. Ceramic (side braze) devices also available; consult factory. 
2. MIL temp range parts also available with MIL-STD-883 processing. 


1H5140-1H5145 
High-Level 
CMOS Analog Switch 


FEATURES 


© Super Fast Break-Before-Make Switching 


. © ton 80ns Typ, toss 50ns Typ (SPST Switches) 


© Power Supply Currents Less Than 1A 

@ OFF Leakages Less Than 100pA @ 25°C Typical 
® Non-latching With Supply Turn-off 

®@ Single Monolithic CMOS Chip 


® Plug-in Replacements for IH5040 Family and Part of 
the DG180 Family to Upgrade Speed and Leakage 


® Greater Than 1MHz Toggle Rate 


© Switches Greater Than 20Vp-p Signals With + 15V 
Supplies 


© TTL, CMOS Direct Compatibility 
© Internal Diode in Series with V+ for Fault Protection 


0291-1 


Figure 1: Functional Diagram Typical Driver/ 
Gate - 1H5142 


HARRIS SEMICONDUGCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


1H5140-1H5145 


ABSOLUTE MAXIMUM RATINGS 


Me Vac ore cer tame oer suka ina ei iaaiareeae ean oee <36V Current (Any Terminal) ...............ce ee eeeee <30mA 
VES V sb ta atagt ee wee o tee oe ee oltele diane <30V Storage Temperature ................ —65°C to + 150°C 
Vie gchd ede eae euces cae nuk ae Cet eaoes <30V Operating Temperature .............. — 55°C to + 125°C 
Vip Vea eae ite Ba tee ee eet ies <+22V Lead Temperature (Soldering 10sec) .............. 300°C 
M see ye plata eic teeta enna e te ows cee eee <33V Power Dissipation ........... 0... cece eee ee ences 450mW 
Mice VINR asta te Caterer ase dw aihs aioe denedeas <30V (All Leads Soldered to a P.C. Board) 

Viv elawates peekodtay wa tae eet area ew eee keene. <20V Derate 6 mW/°C Above 70°C 

Vin siwadncns koa eee kare Woewe Renee Reece <20V 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (@ 25°C, v+ = +15v, V- = —15V, V_= +5V) 


Per Channel Min/Max Limits 
aaa Test Conditions Military 
Symbol Characteristic 
cassaall ries | 0 [+a5¢] +700. 
LOGIC INPUT 


inn __[Inputloge Curent [Vw=2aVNoei «d=. | 21] 0 | | #10] 10 | pA! 


SWITCH 
DS(on) Drain-Source On Is = —10mA 
VANALOG = — 10V to + 10V = a baa is 
Arps(on) | Channel to Channel 
DS(on) Match 
VANALOG | Min. Analog Signal 
Handling Capability 


ID(ofty + | Switch OFF Leakage | Vp= + 10V, Vg= — 10V 
IS(off) Current Vp= —10V, Vs= + 10V 


ID(ony + ~—| Switch On Leakage | Vp=Vg= —10V to + 10V 
IS(on) Current 


CCRR Min. Channel to One Channel Off; Any Other 
Channel Cross Channel Switches 

Coupling Rejection | See Performance Characteristics 
Ratio 


Switch “ON” Time See switching time specifications and timing diagrams. 
totf Switch “OFF” Time 


QuinJ.) 


f= 1MHz, Ry = 1002, C;, <5pF 
See Performance Characteristics 


+ Power Supply 
Quiescent Current 
— Power Supply Vt=+15V, V - = —15V, 
Quiescent Current VL=+5V 
I + 5V Supply 


Quiescent Current See Performance Characteristics 


IGND Gnd Supply 
Quiescent Current 


SUPPLY 


1.0 
1.0 
1.0 
1.0 


NOTES: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however 0.8V to 2.4V describes the min. 
range for switching properly. Refer to logic diagrams to find logical value of logic input required to produce ON or OFF state. 
2. Typical values are for design aid only, not guaranteed and not subject to production testing. 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


1H5140-1H5145 


1H5140-IH5145 


TYPICAL PERFORMANCE CHARACTERISTICS 


t 


ANALOG SIGNAL VOLTAGE (V) 
rps(on) VS. Temp., @ + 15V, 
+ 5V Supplies 


10S ton) (52) 


ANALOG SIGNAL VOLTAGE (Vv) 
DS(on) VS- Power Supplies 


x 

< 

wi 

a 

° 

- 

x 

< 

vy) 

a 

> 

£ 

- 

g 

2 : *Vwsect onv{ 1 
> OQmv 

a a 


“Vinsecr 


ANALOG SIGNAL VOLTAGE (V) 


Charge Injection vs. Analog Signal 


NOTE: All typical values have been characterized but are not tested. 
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Vour/Vanacoc (48) 


FREQUENCY (Hz) 


“OFF” Isolation vs. Frequency 


100 
7 — PERIOO OF PULSE REPETITION RATE (us) 


0291-6 
Power Supply Currents vs. Logic Strobe Rate 


Vour/ Vanacog (48) 


A) @ FREQUENCY 
* VaNALoG 


COPPER GROUND 
PLANE JIG 


FREQUENCY (Hz) 


Channel to Channel Cross 
Coupling Rejection vs. Frequency 


1H5140-1H5145 


SWITCHING TIME SPECIFICATIONS 


(ton, toff are Maximum specifications and ton-tos is minimum specifications) 


Part Number | Symbol| Characteristic a eee 
academe sonst tase | +126°¢/ 0 | +25C| +70°C 
ton 


Switch “ON” time 100 

toff Switch “OFF” time Figure 2* 75 

IH5140- ton-toff | Break-before-make 10 
5141 


150 
125 


*10 (typ) 
175 


Switch ‘ON’ time 
Switch ‘“OFF”’ time 
Break-before-make 


Switch “ON” time 
Switch ‘OFF”’ time 
Break-before-make 


Switch “ON” time 
Switch “OFF’”’ time 
Break-before-make 


Switch ‘‘ON” time 
Switch “OFF” time 
Break-before-make 


Switch “‘ON” time 
Switch “OFF” time 
Break-before-make 
Switch ‘‘ON” time 


Switch “OFF” time 
Break-before-make 


Switch “ON” time 
Switch “OFF” time 
Break-before-make 


ton 
toft 
ton-lott 


rams | 
j rome | 
Figure 3 125 
*10 (typ) 
175 
Figure 4* 125 
10 


ton 
loft 
ton-toff 


ton 200 


toff 
ton-toff 


IH5142- 


ton 
totf 
ton-toff 


5143 


IH5144- 
5145 
Figure 3 


NOTE: SWITCHING TIMES ARE MEASURED @ 90% PTS. * Typical values for design aid only, not guaranteed nor subject to production testing. 


loft 
ton-lott 


NOTE: SWITCHING TIMES ARE MEASURED @ 90%PTS. 
ton toff 


+ 15V . —>| -— -+| 


TTL INPUT , | + 10V rr 


— 
if 
Ov ;4 Vout 
| 


: + 15V ‘ 


1H5141 SHOWN 


Figure 2. 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


1H5140-1H5145 


1H5143 SHOWN 


NOTE: All typical values have been characterlzed but are not tested. 


Pa 
= 
Oo 
= 
w 
z 
in 
= 


+15V 


TTL INPUT 


Figure 4. 


2 
= 
oO 
x= 
77) 
ry 
= 
rT) 
a 


Figure 5. 
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1H5140-1H5145 


TTL INPUT 


0291-10 


FLATPACK (FD-2) 


SPST 
1H5140 (rpsion) < 75) 


FLATPACK (FD-2) 


DUAL SPST 
1H5141 (rpson) <752) 


FLATPACK (FD-2) 


0291-17 


SPDT 
1H5142 (rosion) <75 2) 


Figure 6: Switching State Diagrams 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


DIP (JE, PE) 


0291-13 


1H5140-1H5145 


1H5140-1H5145 


1H5140-1H5145 


FLATPACK (FD-2) DIP (JE, PE) (DG191 EQUIVALENT) 


DUAL SPDT 
1H5143 (rps(on) < 750) 


SWITCH STATES ARE FOR LOGIC “1” INPUT 


FLATPACK (FD-2) DIP (JE, PE) 


DPST 
1H5144 (Tps(on) <752) 


FLATPACK (FD-2) DIP (JE, PE) (DG185 EQUIVALENT) 


0291-25 


DUAL DPST 


Figure 6: Switching State Diagrams (Continued) 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


TYPICAL SWITCHING WAVEFORMS 3s SCALE: VERT. =5V/DIV. HORIZ. = 100ns/DIV. 


TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 8) 


0291-27 


TTL LOGIC 


0291-30 


TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 10) 


NOTE: All typical values have been characterized but are not tested. 


TTL LOGIC | 
y | “Va = -10V 


a} ts Mas 410V- 
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+125°C 


0291-29 


0291-32 


TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 11) 


} Va bathe ; 
poe Oe a Bat eet 
— FTL LOGIC 
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1H5140-1H5145 


1H5140-1H5145 


APPLICATION NOTE 


To maximize switching speed on the IH5140 family, TTL 
open collector logic (15V with a 1k or less collector resis- 
tor) should be used. This configuration will result in (SPST) 
ton and tog times of 8O0ns and 50ns, for signals between 


—10V and +10V. The SPDT and DPST switches are ap- - 


proximately 30ns slower in both ton and toss with the same 
drive configuration. 15V CMOS logic levels can be used (OV 
to +15V), but propagation delays in the CMOS logic will 
slow down the switching (typical 50ns —> 100ns delays). 


When driving the IH5140 Family from either +5V TTL or 
CMOS logic, switching times run 20ns slower than if they 
were driven from +15V logic levels. Thus to, is about 
105ns, and tof 75ns for SPST switches, and 135ns and 
105ns (ton; tof#) for SPDT or DPST switches. The low level 
drive can be made as fast as the high level drive if +5V 
strobe levels are used instead of the usual OV — +3.0V 
drive. Pin 13 is taken to —5V instead of the usual GND and 
strobe input is taken from +5V to —5V levels as shown in 
Figure 7. 

‘ The typical channel of the IH5140 family consists of both 
P and N-channel MOSFETs. The N-channel MOSFET uses 
a “Body Puller” FET to drive the body to —15V (+15V sup- 
plies) to get good breakdown voltages when the switch is in 
the off state (See Fig. 8). This ‘Body Puller’ FET also al- 
lows the N-channel body to electrically float when the 


Switch is in the on state producing a fairly constant Rps(ON) 


with different.signal voltages. While this ‘Body Puller” FET 
improves switch performance, it-can cause a problem when 


- analog input signals are present (negative signals only) and 


power supplies are off. This fault condition is shown in Fig- 
ure 9. . ore 


Current will flow from —10V analog voltage through the 
drain to body junction of Q1, then through the drain to body 
junction of Q3 to GND. This means that there is 10V across 
two forward-biased silicon diodes and current will go to 
whatever value the input signal source is capable of supply- 
ing. If the analog input signal is derived from the same sup- 
plies as the switch this fault condition cannot occur. Turning 
off the supplies would turn off the analog signal at the same 
time. 


This fault situation can also be eliminated by placing a 
diode in series with the negative supply line (pin 14) as 
shown in Figure 10. Now when the power supplies are off 
and a negative input signal is present this diode is reverse 
biased and no current can flow. 


2 
= 
co) 
= 
” 
re 
vz 
- 
wo 
= 


Oo) 
@ 
(3) 
(4) 
@® 
(6) 


1H5141 SHOWN 


ANALOG OUT 


+15V FROM 
DRIVERS 


ie 


GND WHEN POWER 
SUPPLIES ARE OFF 


1N914 
‘OR EQUIVALENT 


Figure 10. 


NOTE: All typical values have been characterized but are not tested. 


1H5140-1H5145 


(16) ANALOG IN (CHANNEL A) 


CMOS 
LEVEL 
INPUT 
STROBE 


ANALOG IN 


+15V FROM 
DRIVERS 


ANALOG OUT 


0291-36 
Figure 8. 


ANALOG IN = -10V 


GND WHEN POWER 
SUPPLIES ARE OFF 
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1H5140-1H5145 


APPLICATIONS 


1H5140-1H5145 


ANALOG 
INPUT 


512 
-15V 
10,000 pF 
‘[ poty- 
= STYRENE 


+3V = > SAMPLE MODE 


OV = > HOLD MODE 
0291-39 


Figure 11: Improved Sample and Hold Using IH5143 


+V ANALOG 


SIL 


TTL 
LOGIC 
STROBE 


+V ANALOG TTL 
LOGIC 


STROBE 


0291-40 
EXAMPLE: If —Vanatoc= — 10VDC and + Vanatoc= + 10VDC then Ladder Legs are switched between + 10VDC, depending upon state of Logic Strobe. 


Figure 12: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 


NOTE: All typical values have been characterized but are not tested. 
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1H5140-1H5145 


1H5140-1H5145 


APPLICATIONS (Continued) 


10,000 pF 10,000 pF 


HI PASS BANOPASS 
OUTPUT OUTPUT 


SIGNAL e 
INPUT 
e 


LO PASS 
OUTPUT 


STROBE 


0291-41 


CONSTANT GAIN, CONSTANT Q, VARIABLE FREQUENCY FILTER WHICH PROVIDES SIMULTANEOUS LOWPASS, BANDPASS, AND HIGHPASS OUT- 
PUTS. WITH THE COMPONENT VALUES SHOWN, CENTER FREQUENCY WILL BE 235Hz AND 23.5Hz FOR HIGH AND LOW LOGIC INPUTS RESPEC- 
TIVELY, Q=100, AND GAIN= 100. 


f, = CENTER FREQUENCY = 
n ae 27 RC 


Figure 13: Digitally Tuned Low Power Active Filter 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The IH5151 family of solid state analog switches are de- 
signed using an improved, high voltage CMOS technology. 
Destructive latchup has been eliminated. Early CMOS 
switches were destroyed when power supplies were re- 
moved with an input signal present; the IH5151 CMOS tech- 
nology has eliminated this problem. 


Key performance advantages of the 5151 series are TTL 
compatibility and ultra low-power operation. Rpsion) switch 
resistance is typically in the 149 To 180 Area, for signals in 
the —10V to +10V range. Quiescent current is less than 
10nA. The 5151 also guarantees Break-Before-Make 
switching which is logically accomplished by extending the 
ton time (200nsec typ.) such that it exceeds torr time 
(120nsec typ.). This insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is thus eliminated. 


See HI-514X for other functions. 


ORDERING INFORMATION 


ORDER PART 


NUMBER FUNCTION 


Dual SPDT 
Dual SPDT 


IH5151MJE 
IH5151CJE 


IH5151 CPE Dual SPDT 


PACKAGE 


16 Pin Cerdip 
16 Pin Cerdip 


16 Pin Plastic DIP 


1H5151 
High-Level CMOS 
Analog Switches 


FEATURES 

© Low Rps(ON) — 252 

® Switches Greater Than 20Vpp Signals With + 15V 
Supplies 

* Quiescent Current Less Than 100unA 

® Break-Before-Make Switching torr 120nsec Typ., ton 
200nsec Typical 

© TTL, CMOS Compatible 

® Non-Latching With Supply Turn-Off 

® Complete Monolithic Construction 

e +5V to + 15V Supply Range 


CMOS ANALOG SWITCH PRODUCT 
CONDITIONING 


¢ The Following Processes Are Performed 100% in 
Accordance With MIL-STD-883 


© Precap Visual — Method 2010, Cond. B 
® Stabilization Bake — Method 1008 

© Temperature Cycle — Method 1010 

® Centrifuge — Method 2001, Cond. E 

© Hermeticity — Method 1014, Cond. A, C 
© (Leak Rate<5x10—7 atm cc/s) 


1H5148-1H5151 


HARRIS 


TEMPERATURE RANGE EQUIVALENT 


-55°C to +12500 
0°C to 70°C 


0°C to 70°C 


NOTES: 1. Ceramic (side braze) devices also available; consult factory. 
2. MIL temp range parts also available with MIL-STD-883 processing. 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


304300-003 


1H5148-1H5151 


ABSOLUTE MAXIMUM RATINGS 


NR INE TR, Bi cleeh sin Gee obertl as tend oases nl eiinienmaate ea kas <36V 
WE NG icetscarnnessettakuns douse Mewieega sees <30V 
Mig acta eek ei Wee eee ne waciatqus- aves <30V 
Vy VS sre eeee och ne te pee eee ee hateee ee ees <+22V 
Vince Geetee ates Mae euasow eons tat inead aaa ee re <33V 
Mi SM IR Sate ater cid ard aot eaten eg ee ty Sntdeg hice <30V 
Ni[o Betty ale Gaia iene Re uae a gpa nea Meee aus <20V 
MINE ein ite Shee alae e st SSCA oe ne whe nate we ae ela <20V 
Current (Any Terminal) ............. 0c cece eees <50mA 


—65°C to + 150°C 


re 


Storage Temperature 


+ 15V (V+) 
<1 


“Log 
—15V (V-) 


1H5148-1H5151_ 


Operating Temperature .............. — 55°C to + 125°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 
Power DISSIDAUON ttsi inn ee opens weceseaGue aes 450mW 


(All Leads Soldered to a P.C. Board) 
Derate 6mW/°C Above 70°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Figure 1: Functional Diagram (Typical Switch Schematic — 1H5150 in 16 pin DIP PKG.) 


NOTE: All typical values have been characterized but are not tested. 
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1H5148-1H5151 


ELECTRICAL CHARACTERISTICS (1, @ 25°C, V+ = +15V, V- = —15V, V_ = +5V) 


Per Channel Min/Max Limits 


Symbol Characteristic Peorconcon Military | Commercial | 
—ss°c|+25°C|+ 125°C, 0 |+25°C|+ 70°C) 


#1] 21 | +10| | #1 | +10] pal 
lN(OFF £1 | 10] | #4 | £10 | pa) 


Rps(on) |Drain-Source On Vp= +10V, Is= —10mA 25 
Resistance 
Handling Capability re 
ID(OFF) |Switch OFF Leakage Current VANALOG = —10V to + 10V +10 
IS(OFF =2 


= 
=| 
> 
=) 
ay 
ie) 
a) 
YQ 
a) 
3 
ay 


ARps(on)|Channel to Channel Rpsyon) Match 


ID(ON) + [Switch On Leakage Current Vp=Vs= —10V to + 10V +10 
Qiiny) |Charge Injection See Figure 4 

Min. Off Isolation Rejection Ratio |l=1MHz, RL = 1000, 

C. <5pF, See Figure 5 

SUPPLY 


10 
| I= | Power Supply Quiescent Current |V= + 15V, Va=—15V. | _10 
| i__|+5V Supply Quiescent Current__|V_= +5V, Va=0 


CCRR_|Min. Channel to Channel One Channel Off; 
Cross Coupling Rejection Ratio Any Other Channel 
Switches as per Figure 8 


Dn 
O 
Zz 


(10) 


= 
> 


NOTE 1. Some channels are turned on by high “1” logic inputs and other channels are turned on by low “0” inputs; however 0.8V to 2.4V describes the min. range 
for switching properly. Refer to logic diagrams to find logical value of logic input required to produce “ON” or “OFF”’ state. 


SWITCHING TIME SPECIFICATION 
1H5148 SPST SWITCH 


Symbol Test Conditions 


Switch ‘‘on’” time R_ = 1KQ, VanatoGc = —10V 
Switch “off’’ time To+ 10V; See Figures 3 and 6 


IH5149 DPST SWITCH 


lott Switch “‘off’’ time To+10V; See Figures3and6 - a ae 


IH5150 & 1H5151 SPDT SWITCH 


| ton «| Switch “on” time RL=1KQ, Vanatoa= — 10V 
Switch “off” time To +10V; See Figures 3 and 6 


NOTE 2. For 1H5150 & IH5151 devices, channels which are off for logic input= 2.4V (Pins'3 & 4 on 5150, & Pins 3 & 4, 5 & 6 on 5151) have slower to, time, than 
channels on Pins 1, 16, & 8, 9. This is done so switch will maintain break-before-make action when connected in DT configuration, i.e. Pin 1 connected in 
Pin 3. 


NOTE: All typical values have been characterized but are not tested. 
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1H5148-1H5151 


1H5148-1H5151 


1H5148-1H5151 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT FLAT PACKAGE . DIP (DE) PACKAGE 


DUAL SPST 1H5148 


DUAL DPST 1H5149 


SPDT 1H5150 


DUAL SPDT IH5151 


Figure 2: Switching State Diagrams 


NOTE: All typical values have been characterized but are not tested. 
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1H5148-1H5151 


TEST CIRCUITS 


ANALOG INPUT ANALOG (HPUT 


LOGIC INPUT 


(NOTE 1) ED 


0292-13 0292-14 
Figure 5 


TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 
Rps(on) @ +15V, +5V SUPPLIES 


Elle eee as ea led 
ate SAR Ree 
| | | | tv suppucst@| | | 
Het 


Ee sures 


-—12V—10-8-—6 —4—-20V 2 +4V 6 8+10V+121 


Ros (ON) vs ) 
ANALOG INPUT VOLTAGE 
0292-15 


CROSS COUPLING 
REJECTION vs FREQUENCY 


rane D> 


| Vout 


Va (CROSS) (dB) 


| 
| 
| 
| 
| 
3V | 


INPUT 1 | 
| |ccar = 20L0g -2200mVPP i SwitcHeD © 1 D > 


Vout (mVpp) CHANNEL ae aes oe 
1 10 100 1k 10k 100k 41M 


FREQUENCY (Hz) 


0292-16 
CROSS COUPLING 
REJECTION TEST CIRCUIT 


NOTE: All typical values have been characterized but are not tested. 
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1H5148-1H5151 


1H5148-1H5151 


OFF ISOLATION vs FREQUENCY 
~ 120 


Va (OFF) (dB) 


0 
1Hz 10Hz 100Hz 1k 10k 100k 1M 


FREQUENCY (Hz) 


0292-18 


POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 


ae 
Hy 

i 

WALL 
100 1k 


1 10 


2000 


— 
So 
i] 


10k 100k 


lauiescent (EITHER + OR — SUPPLY) (nA) 


LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 
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1H5148 SHOWN 


TYPICAL PERFORMANCE CHARACTERISTICS 


1H5148-1H5151 


(Per Channel) (Continued) 


OFF STATE _ 
DEPENDS ON PART 
Vout 
1000 
0292-19 
OFF ISOLATION TEST CIRCUIT 
3V 
0 | LOGIC IN | 
0 ia oe 
T 


r 


0292-21 
LOGIC INPUT WAVEFORM 


Figure 6: Switching Time Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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Nulling Out Charge Injection: 


Charge injection (Qinj. on spec. sheet) is caused by gate 
to drain, or gate to source capacitance of the output switch 
MOSFET. The gates of these MOSFETs typically swing 
from —15V to +15V as a rapidly changing pulse; thus this 
30Vpp pulse is coupled through gate capacitance to output 
load capacitance, and the output “step” is a voltage divider 
from this combination. For example: 


C 
Qinject (Vpp) = —222 x 30V step. 
CLoad 


i.e. 
Cgate = 1.5pF, CLoag= 1000pF, then 
1.5pF 
Qinject(Vpp) = xX 30V step = 45mV 
inject(Vpp) 1000pF p mVpp 


Thus if you are using switch in a Sample & Hold applica- 
tion with Csample = 1000pF, a 45mVpp “Sample to Hold er- 
ror step” will occur. 


To null this error step out to zero the following circuit can 
be used: 


TTL STROBE 


1 1000pF 


S&H a 


CAPACITOR = 
50K POT 


0292-23 
Figure 7: Adjustable Charge Injection 
Compensation Circuit 


The circuit shown above nulls out charge injection effects 
on switch pins 1 and 16; a similar circuit would be required 
on switch pins 8 and 9. 

Simply adjust the pot until Voyr=OmVpp pulse, with 
VANALOG = OV. 

If you do not desire to do any adjusting, but wish the least 
amount of charge injection possible, then the following cir- 
cuit should be used: 


1000pF 


He 


S&H 
CAPACITOR = 


0292-24 


Figure 8: No-Adjust Charge Injection 
Compensation Circuit 


NOTE: All typical values have been characterized but are not tested. 


1H5148-1H5151 


This configuration will produce a typical charge injection 
of Vout < 10mVpp into the 1000pF S & H capacitor shown. 


Fault Condition Protection 


If your system has analog voltage levels which are inde- 
pendent of the +15V (Power Supplies), and these analog 
levels can be present when supplies are shut off, you 
should add fault protection diodes as shown below: 


Figure 9: Adding Diodes Protects Switch 


If the analog input levels are below +15V, the pn junc- 
tions of Q13 & Q15 are reversed biased. However if the 
+ 15V supplies are shut off and analog levels are still pres- 
ent, the configuration becomes: 


ee DRIVER 
y 


ANALOG INPUT 
OUTPUT SWITCH PAIR 


; FROM DRIVER 


Figure 10 
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1IH5148-1H5151 


1H5148-1H5151 


The need for these diodes, in this circumstance, is shown 
below: 


OV WHEN 
+ 15V SUPPLY 
SHUT OFF 
(18) ANALOG INPUT 


SAY —10V TO +10V 


OV WHEN 
— 15V 1S 
SHUT OFF 


Figure 11 


If ANALOG in is greater than 1V, then the pn junction of 
Q15 is forward biased and excessive current will be drawn. 
The addition of IN914 diodes prevents the fault currents 
from destroying the switch. A similar event would occur if 
ANALOG in was less than or equal to —1V, wherein Q13 
would become forward biased. The IN914 diodes form a 
‘back to back’”’ diode arrangement with Q13 & Q15 bodies. 


NOTE: All typical values have been characterized but are not tested. 
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1H5148-1H5151 


This structure provides a degree of overvoltage protec- 
tion when supplies are on normally, and analog input level 
exceeds supplies. 

This circuit will switch up to about +18V ANALOG over- 
voltages. Beyond this drain(N) to body(P) breakdown VOLT- 
AGE of Q13 limits overvoltage protection. 


OVERVOLTAGE 
ANALOG 
INPUT 
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Figure 12 
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GENERAL DESCRIPTION 

The IH5341 is a dual SPST, CMOS monolithic switch 
which uses a “Series/Shunt” (‘‘T’’ switch) configuration to 
obtain high “OFF”’ isolation while maintaining good frequen- 
cy response in the “ON” condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are _ typically 
ton=150ns and tofs=80Ons, and “Break-Before-Make” 
switching is guaranteed. 

Switch “ON” resistance is typically 400-500 with +15V 
power supplies, increasing to typically 1750 for +5V sup- 
plies. The devices are available in TO-100 and 14-pin epoxy 
DIP packages. 


ORDERING INFORMATION 


Part Number Pemper ature Package 
Range 
°C 14-pin 
IH5341CPD 0 to +70°C iene DIP 


IH53411TW — 20°C to + 85°C 10-pin | 40-pin TO-100 100 
IH5341MTW — 55°C to + 125°C 10-pin TO-100 


Figure 1: Functional Diagram 
(Switches are open for a logical “0” control 
input, and closed for a logical “1” control input.) 


1IH5341 
Dual SPST CMOS 
RF/Video Switch 


FEATURES 

® Rpsvon) < 752 

© Switch Attenuation Varies Less Than 3dB From DC 
to 100MHz 


© “OFF” Isolation> 70dB Typical @ 10MHz 
® Cross Coupling Isolation>60dB @ 10MHz 
® Compatible With TTL, CMOS Logic 

® Wide Operating Power Supply Range 

© Power Supply Current< 1A 

¢ “Break-Before-Make”’ Switching 

® Fast Switching (80ns/150ns Typ) 


TOP VIEW 


TOP VIEW 


0295-2 


Outline dwg: PD Outline dwg: TW 


Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


305528-003 


IH5341 


1H5341 


ABSOLUTE MAXIMUM RATINGS 


VE 10. GIOUNG “65 eudnewe dust atian duesteeoueeee +18V 
V> 10 GLOURG 222659 seals koe tio Gn eaten one —18V 
Vito Ground: 26 vines ndcawe ter Sei aeatant san Vt toV- 
Logic Control Voltage ............... cece eee Vt toV7 
Analog Input Voltage .............. 0. cee eens Vt toV- 
Current (any Terminal) ............ 0... c cece eee 50mA 
Operating Temperature: 

(M: VEIrSiONn) 2-382 55 4a ee chon ee bees — 55°C to + 125°C 

(UNMEGFSION) «98. ene Pid atin Gene 8 — 25°C to + 85°C 

(G-VOrsiON):: xcwsaed-petw ed ae ee te esads 0°c to + 70°C 


IH5341 


Storage Temperature ................ —65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 
Power Dissipation ............ 0... ce cece eee eee 250mW 

Derate above 25°C @ ... wk. cece eee 7.5mW/°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


4 switcH 


Figure 3: Equivalent Schematic Diagram 1H5341ITW (14 of actual circuit on chip shown) 


NOTE: All typical values have been characterized but are not tested. 


IH5341 


1H5341 


DC ELECTRICAL CHARACTERISTICS 
Vt=+15V, Vi = +5V, V- = —15V, Ta = 25°C unless otherwise Sn WSS 


| MGrade Device _| Grade Device 1/C Grade Device 


Parameter Test Conditions Typ — 25/ + 85/ 


Supply Voltage 

Ranges 
Positive Supply 
Logic Supply (Note 3) 
Negative Supply 


Switch “ON” Vp= +5V 


Resistance Ig = 10mMA, Vin2=2.4V 
(Note 4) 


Switch “ON” 
Resistance 


Match Between 
Channels 


Switch “OFF” 
Leakage 
(Notes 2 and 4) 


Switch “ON” 
Leakage 


Positive Supply Vin=OV or +5V 0.1 
Quiescent Current 

Negative Supply Vin= OV or +5V 

Quiescent Current 

Logic Supply Vin=OV or +5V 

Quiescent Current 


NOTES: 1. Typical values are not tested in production. They are given asa design aid only. 
2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 
3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 
4. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 


AC ELECTRICAL CHARACTERISTICS 
Vt=+15V, VL = +5V, V—- =OV, Ta = 25°C unless otherwise specified (Note 5). 


Switch “ON” Time See Figure 4 
Switch “OFF” Time See Figure 4 


“OFF” Isolation Rejection Ratio See Figure 5 (Note 6) 
Cross Coupling Rejection Ratio See Figure 6 (Note 6) 
Switch Attenuation 3dB Frequency See Figure 7 (Note 6) 


NOTES: 5. All AC parameters are sample tested only. 
6. Test circuit should be built on copper clad ground plane board, with correctly terminated coax leads, etc. 


NOTE: All typical values have been characterized but are not tested. 
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1H5341 


TEST CIRCUITS 


Note: Only one channel shown. Other acts identically. 
Figure 4: Switching Time Test Circuit and Waveforms 


Vin= £5V (10Vp.5) @ f= 10MHz 


OIRR = 2010g SS 
Vout 


Note: Only one channel shown. Other acts identically. 


Figure 5: OFF Isolation Test Circuit 


Note: Only one channel shown. Other acts identically. 


IH5341 


Vout 
VANALOG = — 5V 


= -—3.5V 


0295-4 


Vin=225mVrms @ f= 10MHz 
VIN 
VOUT 
Figure 6: Cross-Coupling Rejection Test Circuit 


CCRR = 20log 


Ri 


ATTN: = 20 logyg ——-_—— 
Rps(on) + RL 


Nominally, at DC, this ratio is equal to ~ 4dB. When the attenuation 
reaches —1dB, the frequency at which this occurs is fagp. 


0295-8 


Figure 7: Switch Attenuation Versus Frequency, Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCES CHARACTERISTICS 

Rosion) Versus Analog Input 
Voltage with + 15V Power Supplies — 
70 


Rps(on) Versus Analog Input Level 
with + 5V Power Supplies 
180 


PIN 3=PIN 10= +5V 
PIN 7= —5V / 
160 | Ta =25°C ’ 


PIN 3= + 15V, PIN 7= —15V 


IH5341 


OIRR (OFF Isolation Rejection) Versus 
Frequency (See Figure 5) 


| Ila «28:6 
OUTITSNETTE TT 


100 


60 80 ( 
. me Vy g SIC 
_ "TTT ATTA e @ CITI 
i 3 we f 5 Timer NU 
Psa a ek s 


|_| 
ie 
= 
= 


HN 
CUTE LTTE FTN 
iN 


40 i 
? ‘ so LAU ETE TTT 
-15 -10 -5 0 5 10 15 mee 3 ies OA : 10 100 
ANALOG INPUT VOLTAGE LEVEL (V) ee eee on eae eet FREQUENCY (MHz) 
0295-9 0295-10 0295-11 
CCRR (Cross Coupling Rejection) Versus Typical Switch Attenuation Versus Frequency 
Frequency (See Figure 6) (R, = 75, See Figure 7) - 
100 ~ 3.3 
wo LAME | LTH t= 28%¢ = aa A 2c] [III] 
TT Sst lll 
wo SATE ETT eas 
oo ULI LT UT : 
3 70 IN | @ -36 
eo I TPN LTT 5 a7 
Ba LIME TT NUT : 
50 A ‘ 5-38 
2 A LT Sas 
vo LLAU LUTTE ELEN sa 
0.1 1 10 100 0.1 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) - 
0295-12 0295-13 


SWITCH 
O——O DRAIN 
(OUT) 


SWITCH q 
SOURCE 


oD L_ 


CONTROL 
wo-{_)-+{>o- 
DRIVER 
TRANSLATOR 


0295-14 
Figure 8: Internal Switch Configuration 


DETAILED DESCRIPTION 


As can be seen in Figure 8, the switch circuitry is of the 
so-called “‘T” configuration, where a shunt switch is closed 
when the switch is open. This provides much better isola- 
tion between the input and the output than a single series 
switch does, especially at high frequencies. The result is 
excellent performance in the Video and RF region com- 
pared to conventional Analog Switches. 

The input level shifting circuit is similar to that of the 
IH5140 Series of Analog Switches, giving very high speed 
and guaranteed ‘“‘Break-before-Make”’ action, with negligi- 
ble static power consumption and TTL compatibility. 


NOTE: Alf typical values have been characterized but are not tested. 


— +3V 
ee a 


IV 
TTL IN (STROBE) 


*Adjust pot for OmMVp.p step @ Vout with no analog (AC) signal present - 


Figure 9: Charge Injection Compensation 
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yo 
$ 
o 
w 
= 


1H5341 


Vout 


OC BIAS 
VOLTAGE © 
= -5V 
ANALOG 

INPUT 


750 


CONTROL IN 


1H5341 


Figure 10: Alternative Compensation Circuit 


APPLICATIONS 


Charge Compensation Techniques 


Charge injection results from the signals out of the level 
translation circuit being coupled through the gate-channel 
and gate-source/drain capacitances to the switch inputs 
and outputs. This feedthrough is particularly troublesome in 
Sample-and-Hold or Track-and-Hold applications, as it 
causes a Sample (Track) to Hold offset. The IH5341 devic- 
es have a typical injected charge of 30pC-50pC (corre- 
sponding to 30mV-50mV in a 1000pF capacitor), at Vs/p of 
about OV. 


This Sample (Track) to Hold offset can be compensated 
by bringing in a signal equal in magnitude but of the oppo- 
site polarity. The circuit of Figure 9 accomplishes this 
charge injection compensation by using one side of the de- 
vice as a S & H (T & H) switch, and the other side as a 
generator of a compensating signal. The 1kN potentiometer 
allows the user to adjust the net injected charge to exactly 
zero for any analog voltage in the —5V to + 5V range. 


Since individual parts are very consistent in their charge 
injection, it is possible to replace the potentiometer with a 
pair of fixed resistors, and achieve less than 5mvV error for 
all devices without adjustment. 


An alternative arrangement, using a standard TTL inverter 
to generate the required inversion, is shown in Figure 10. 
The capacitor needs to be increased, and becomes the only 
method of adjustment. A fixed value of 22pF is good for 
analog values referred to ground, while 35pF is optimum for 
AC coupled signals referred to —5V as shown in the figure. 
The choice of —5V is based on the virtual disappearance at 
this analog level of the transient component of switching 
charge injection. This combination will lead to a virtually 
“glitch-free” switch. 


NOTE: All typical values have been characterized but are not tested. 


7-138 


0295-17 
Figure 11: Overvoitage Protection Circuit 


Overvoltage Spike Protection 


If sustained operation with no supplies but with analog 
signals applied is possible, it is recommended that diodes 
(such as 1N914) be inserted in series with the supply lines 
to the IH5341. Such conditions can occur if these signals 
come from a separate power supply or another location, for 
example. The diodes will be reverse biased under this type 
of operation, preventing heavy currents from flowing from 
the analog source through the 1H5341. 


The same method of protection will provide over +25V 
overvoltage protection on the analog inputs when the sup- 
plies are present. The schematic for this connection is 
shown in Figure 11. 


GENERAL DESCRIPTION 


The IH5352 is a QUAD SPST, CMOS monolithic video 
switch which uses a ‘“‘Series/Shunt” (‘‘T” switch) configura- 
tion to obtain high “OFF”’ isolation while maintaining good 
frequency response in the “ON” condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are _ typically 
ton=150ns and toy=80ns, and “Break-Before-Make”’ 
switching is guaranteed. 


Switch “ON” resistance is typically 400-500 with +15V 
power supplies, increasing to typically 175 for +5V sup- 
plies. 


ORDERING INFORMATION 


Part Temperature 
Number Range Package 


5 ‘ 


IH5352CPE] O°C to+70°C | 16-Pin Plastic DIP 
IH5352NJE |-25°C to +859C | 16-Pin CERDIP 


0296-1 
Figure 1: Functional Diagram 
(Switches are open for a logic “0” control input, 
and closed for a logic “1” control input.) 


1H5352 
QUAD SPST CMOS 
RF/Video Switch 


IH5352 


FEATURES 
e Rps(on) <750, 


© Switch Attenuation Varies Less Than 3dB From DC 
to 100MHz 


© “OFF” Isolation> 70dB Typical @ 10MHz 

® Cross Coupling Isolation >60dB @ 10MHz 
® Directly Compatible with TTL, CMOS Logic 
® Wide Operating Power Supply Range 

© Power Supply Current< 1A 

© “Break-Before-Make” Switching 

® Fast Switching (80ns/150ns Typ) 


APPLICATIONS 

® Video Switch 

® Communications Equipment 
® Disk Drives 

© Instrumentation 

© CATV 


20 Lead SOIC 
TOP VIEW 


Figure 2: Pin Configurations 
Package Outline Drawing: PE, JE 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


305529-004 


1H5352 


1H5352 

ABSOLUTE MAXIMUM RATINGS | (T,=25°C Unless Otherwise Noted) 
WTO Ground: 24 ao was eh dotes Seb eerda ewes +18V Storage Temperature ................ —65°C to + 160°C 
VO GAROUNG cn ccere rw aca het aha ate a6 Ow Glee ee Ge —18V Lead Temperature 
Vi tO GroUnG sis ove enenae seadeusa eeeone Vt toV— (Soldering, 10sec) ............ Sj ahaa neleweeauret B00'O 
Logic Control Voltage ............... cece eee ee Vt toV- Power Dissipation: 
Analog Input Voltage ........ 0.2... cece eee ee Vt toV- GERDIP:: £2000 Fehr til S82 Jun ete ot hcadt aes 450mW 
Current (any terminal) .......... 02... ce cece e eee <50mA ' derate 4mW/°C above 25°C 
Operating Temperature: PIASUG: acca ran ein Seek Saws eae ae od as ... 350mMW 

(M Version) ...........20.e cece eee — 55°C to + 125°C derate 3mW/°C above 25°C 

CP VOPSIONNS sic.ciaw tt. wa sraanivs weber Saas — 20°C to + 85°C 

(C Version) ............04-. apts Aaweesiaty 0°C to + 70°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 
Vt=+15V, V- = —15V, VL= + 5V, Ta = 25°C unless otherwise noted. 


Maximum Ratings . 
Symbol Parameter Test Conditions ae em Slap eiDeyIce use alace Device 
7 +25°C| + 125°C|—25/0rc] + 25°C] FOr 
+ 70°C 
Supply Voltage 
Ranges: 
Positive Supply 5 to 15 
(Note 3) 


Logic Supply 


Negative Supply —5to — 


=e Switch “ON” ls=10mA 
Resistance (Note 4) Vin22.4V|Vp= +10V 
Rps(on) |Switch “ON” Is= 10mA, Vt = 
Resistance VL=+5VV—-=— ABV, 
Vp= +3V, Vin= 3V 
ARps(on)|On Resistance Match|, _ ii 
Between Channels {'S~ !0MA, Vo= +5V 
Logical “1” 
Input Voltage 


Logical “0” 
Input Voltage 


Switch ‘OFF‘ 
Leakage 
(Note 2 and 4) 


Switch ‘ON‘ 
Leakage 


A V 
o | f a 
oo fh | 


NOTE: All typical values have been characterized but are not tested. 
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IH5352 


IH5352 


AC ELECTRICAL CHARACTERISTICS 
Vt = +15V, Vi = + 15V, V—- = —15V, Ta = 25°C unless otherwise specified (Note 5). 


Switch “ON” Time 
Switch “OFF” Time 


“OFF” Isolation Rejection Ratio 
Cross Coupling Rejection Ratio 


Switch Attenuation 3dB Frequency 


Notes: 1. Typical values are not tested in production. They are given as a design aid only. 
2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 
3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 
4. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 
5. All AC parameters are sample tested only. 


CIRCUIT OF SWITCH CHANNEL DETAILED DESCRIPTION 


SWITCH SWITCH Figure 3 shows the internal circuit of one channel of the 
hike Gat O——O DRAIN IH5352. This is identical to the IH5341 ‘“‘T-Switch” configu- 
(VIDEO INPUT) a (VIDEO OUTPUT) ration. Here, a shunt switch is closed, and the two series 
l ==, switches are open when the video switch channel is open or 
| off. This provides much better isolation between the input 
- [) > wen and output terminals than a simple series switch does, es- 
pecially at high frequencies. The result is excellent off-isola- 
tion in the Video and RF frequency ranges when compared 

TRANSLATOR to conventional analog switches. 


The control input level shifting circuitry is very similar to 
that of the 1H5140 series of Analog Switches, and gives 
NOTE: 1 CHANNEL OF 4 SHOWN very high speed, guaranteed “Break-Before-Make”’ action, 


Figure 3: Internal Switch Configuration low static power consumption and TTL compatibility. 


TTL 4.3y 
INPUT 


+3.3V 


Vout 


VANALOG = +5V wv 


OV 


Vout 
VANALOG = —5V -—3.3V 


LOGIC CONTROL SIGNAL 


0296-4 
Figure 4: Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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IH5352 


IH5352 


RG-59 COAX 


= ~ = 


RG-59 COAX 


yo) 


CY vin 
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OIRR=20 LOG SNL 
VouT 


Vin=5V pn SINEWAVE @ 10MHz 


Figure 5: Off Isolation Test Circuit 
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CCRR=20 LOG VINE 
Vout 


Vin=225mV RMS SINEWAVE @ 10MHz 
Figure 6: Cross-Coupling Rejection Test Circuit 


NOTE: All typical values have been characterized but are not tested. 


7-142 


1H5352 


IH5352 


RG-59 COAX 


RG-59 COAX 


) ae 
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f—3dB = FREQUENCY WHERE DC SWITCH 
ATTENUATION IS DOWN 3dB 

Vin = 225mV RMS @ 10-100MHz 


Figure 7: Switch Attenuation — 3dB Frequency Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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IH6201 


GENERAL DESCRIPTION 


The IH6201 is a CMOS, Monolithic, Dual Voltage Transla- 
tor; it takes low level TTL or CMOS logic signals and con- 
verts them to higher levels (i.e. to + 15V swings). This trans- 
lator is typically used in making solid state switches, or ana- 
log gates. 


When used in conjunction with the IH401A Varafets, the 
combination makes a complete solid state switch capable 
of switching signals up to 22Vpp and up to 20MHz in fre- 
quency. This switch is a “break-before-make” type (i.e. 
tort time< ton time). The combination has typical to ~ 
80ns and typ. tpn ~ 200ns for signals up to 20Vpp in ampli- 
tude. 


A TTL ‘‘1” input strobe will force the 6 driver output up to 
V+ level; the @ output will be driven down to the V~ level. 
When the TTL input goes to ‘0’, the @ output goes to V— 
and @ goes to V+; thus @ and @ are 180° out of phase with 
each other. These complementary outputs can be used to 
create a wide variety of functions such as SPDT and DPDT 
switches, etc.; alternatively the complementary outputs can 
be. used to drive N and P channel MOSFETs, to make a 
complete CMOS analog gate. 


The driver typically uses -- 5V and +15V power supplies, 
however a wide range of V' and V7 is also possible. It is 
necessary that V+ > 5V for the driver to work properly, how- 
ever. 


DRIVER 
OUTPUT 


+5V +15V 


LOGIC 
STROBE 
INPUT, “= 


Figure 1: Functional Diagram 


#5V +15V 


lH6201 
Dual CMOS 
Driver/Voltage Translator 


FEATURES 
®@ Driven Direct From TTL or CMOS Logic 
© Translates Logic Levels Up to 30V Levels 


© Switches 20Vacpp Signals When Used in 
Conjunction With the 1H401A Varafet (As An Analog 
Gate) 


® tons 300ns & torr <200ns for 30V Level Shifts 


® Quiescent Supply Current< 100A for Any State 
(D.C.) 


® Provides Both Normal & Inverted Outputs 


ORDERING INFORMATION 


Range 


IH6201CJE 0°C to 70°C 16 Pin | 16PinCERDIP | 
IH6201MJE — 55°C to 125°C 16 Pin CERDIP 
~1{H6201CPE 0°C to 70°C 16 Pin Plastic 


DRIVER 
OUTPUT 


(Outline dwgs DE,JE,PE) 
Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


oY diate (oa. eater War eee a eee Se ea en, ee 35V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
hated Gates ea tA, ees cil On 35V may cause permanent damage to the device. These are stress ratings only 
Ns oe ope alte eee Ceca tered ca Sie adn atk hacen es ame 35V and functional operation of the device at these or any other conditions 
Vt+toV 40V above those indicated in the operational sections of the specifications is not 
Operating Temperature Vee eo ee _ BEC to Pe 4 25°C implied. Exposure to absolute maximum rating conditions for extended peri- 
Storage Temperature .. ; —65°C to + 150°C a a 

Lead Temperature (Soldering, 10sec) ............. 300°C 


ELECTRICAL SPECIFICATIONS v+=+15v,V-=—15V, V_=+5V 


TestConditions  |___!H6201cDE_— || IHG201MDE_— 
6 or 6 driver output swing Vin=O0V IL +3V Fig. 5B 


Vin strobe level (‘1’’)for 02 14V 
proper translation 6=>—14V 


Vin Strobe level (“0”’)for O2—14V 
proper translation 02>14V 


a 2 a ee 

| a0 | a0 | ao | 

fo | oa | om | 
lin input strobe current draw | Vin =OV or +5V +4 5 10 +4 
(for OV — 5V range) 
ton time Vin=OV IL C, =30pF 500 

switching turn-on time fig. 5B 
| 100 | 100 | 100 | 100 | 


tot time Vin=OV SL C; = 30pF 
switching turn-off time fig. 5B 

1+ (V+) power supply Vin= OV or +5V ; 

quiescent current 

I~ (V—) power supply Vin=OV or +5V 

quiescent current 

I, (Vi) power supply Vin= OV or +5V 

quiescent current 


NOTE: All typical values have been characterized but are not tested. 
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IH6201 


TTL 
INPUT 
LOGIC 

STROBE 


\= 


[IH6201 


DRIVER 
OUTPUT 


6 


DRIVER 
OUTPUT 
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Figure 3: Schematic Diagram (One Channel) 


APPLICATIONS 
Input Drive Capability 


The strobe input lines are designed to be driven from TTL 
logic levels; this means 0.8V to 2.4V levels max. and min. 
respectively. For those users who require 0.8V to 2.0V oper- 
ation, a pull-up resistor is recommended from the TTL out- 
put to + 5V line. This resistor is not critical and can be in the 
1k. to 10k range. 

When using 4000 series CMOS logic, :the input strobe is 
connected direct to the 4000 series gate output-and‘no pull 
up resistors, or any other interface, is necessary. 

When the input strobe voltage level goes below Gnd (i.e. 
to —15V) the circuit is unaffected as long as V+ to Vin 
does not exceed absolute maximum rating. 


NOTE: All typical values have been characterized but are not tested. 
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Output Drive Capability 


The translator output is designed to drive the IH401A Va- 
rafets; these are N-channel JFETS with built-in driver di- 
odes. Driver diodes are necessary to isolate the signal 
source from the driver/translator output; this prevents a for- 
ward bias condition between the signal input and the + Vcc 
supply. The IH6201 will drive any JFET provided some sort 
of isolation is added. 


You will notice in Figure 4 that a “referral” resistor has 
been added from 2N4391 gate to its source. This resistor is 
needed to compensate for the inadequate charge area 
curve for isolation diode i.e. if C vs. V plot for diode <2 [C 
vs. V plot for output JFET] switch won’t function; then add- 
ing this resistor overcomes this condition. The ‘‘referral” re- 
sistor is normally in the 100k. to 1M range and is not too 
critical. 


SWITCH 
ISOLATION OUTPUT 


DIODE 


Figure 4 


Making a Complete Sclid State Switch 
That Can Handle 20Vpp Signals 


The limitation on signal handling capability comes from 
the output gating device. When a JFET is used, the pinch- 
off of the JFET acting with the V— supply does the limiting. 
In fact max. signal handling capability= 2 (Vp + (V—)) Vpp 
where Vp= pinch-off voltage of JFET chosen. i.e. Vp=7V, 
V-=-—15V .. max. signal handling=2 (7V + (—15V)) 
Vpp = 2(7V — 15)Vpp = 2(— 8Vpp)=16Vpp. Obviously to 
get=20Vpp, Vp=5V with V~ = —15V. Another simple way 
to get 20Vpp with Vp=7V, is to increase V~ to —17V. In 
fact using Vt = +12V or +15V and setting V~ = —18V 
allows one to switch 20Vpp with the IH401A. The advan- 
tage of using the Vp=7V pinch-off (along with unsymmetri- 
cal supplies), over the Vp=5V pinch-off (and +15V sup- 
plies), is that you will have a much lower Roson) for the 
Vp=7 JFET (i.e. for the 2N4391). 


TDS(ON) ~ 222, ~— [pS(ON) ~ 352) 
Vp=7V Vp = 5V 
The IH6201 is a dual translator, each containing 4 CMOS 


FET pairs. The schematic of one-half of an 1H6201, driving 
one-quarter of an IH401A, is shown in Figure 5A. 


NOTE: All typical values have been characterized but are not tested. 
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IH6201 


T2L OR 
CMOS 

INPUT 

STROBE 


a ie 


| 
| 
fae REN 2 


+15V 


-15V OV” 
TRANSLATOR 


Figure 5A 


+15V 


“15V 
1 
| 
| 
| 


-15V 


Figure 5B 


NOTE: Each translator output has a @ and 6 output. @ is just 
the inverse of 0. 

A very useful feature of this system is that one-half of an 
I|H6201 and one-half of an IH401A can combine to make a 
SPDT switch, or an IH6201 plus an IH401A can make a dual 
SPDT analog switch (See Figure 8). 


IH6201 


IH6201 


APPLICATIONS (Continued) 


ovy rT, 


ovy [The 


0299-7 
Figure 6: Dual SPST Analog Switch 


Figure 7: DPDT Analog Switch 


NOTE: Either switch is turned on when strobe input goes high. 


NOTE: All typical values have been characterized but are not tested. 
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IH6201 


Figure 9: Dual DPST 


| DATA ACQUISITION 


Selection Guide 
DG506A 
DG507A 
DG508A 
DG509A 
DG526 
DG527 
DG528 
DG529 
HI-1818A 
HI-1828A 
HI-506 
HI-507 
HI-506A 


HI-507A 


HI-508 
Hi-509 
HI-508A 


HI-SO9A 
HI-516 
HI-518 


HI-524 
HI-539 
HI-546 


HI-547 
HI-548 
HI-549 


IH5108 
IH5116 
IH5208 
IH5216 
IH6108 
IH6208 


MULTIPLEXERS 
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Differential 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection... .... ccc ccc cee eee teen tees teneees 8-95 
Single 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection. ...... ccc cece cece eee teeta eee eeeees 8-101 
Differential 4-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection... 0... ccc ccc cee cece eee nent e teen eens 8-101 
8-Channel Fault Protected CMOS Analog Multiplexer........... cece eee ee eee 8-108 
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ANALOG MULTIPLEXERS SELECTION GUIDE 


GENERAL PURPOSE | 
DEVICE NUMBER (S) CONFIGURATION Rds (ON)—-OHMS 
DG508A, HI508, 1H6108 8-CHANNEL SINGLE ENDED 450 
DG506A, HI506 16-CHANNEL SINGLE ENDED 450 
DG509A, HI509, IH6208 4-CHANNEL DIFFERENTIAL 450 
DG507A, HI507 8-CHANNEL DIFFERENTIAL 450 
FAULT PROTECTED 
DEVICE NUMBER (S) CONFIGURATION Rds (ON)—-OHMS | 
HI-508A, IH5108 | 8-CHANNEL SINGLE ENDED 
HI-506A, 1IH5116 16-CHANNEL SINGLE ENDED 
HI-509A, 1H5208 4-CHANNEL DIFFERENTIAL 
HI-507A, IH5216 8-CHANNEL DIFFERENTIAL 
Rds (ON)— OHM 
400 | 
400 
-8-CHANNEL SINGLE ENDED _ 450 
4-CHANNEL DIFFERENTIAL 450 
PROGRAMMABLE 
CONFIGURATION Rds (ON)—OHMS 
16-CHANNEL/DUAL 8-CHANNEL 750 
8-CHANNEL/DUAL 4-CHANNEL 750 | 
CONFIGURATION Rds (ON)-OHMS 


4-CHANNEL VIDEO, LOW CROSSTALK 1500* 
DIFF., 4-CHANNEL, LOW LVL MATCHED 


uPROCESSOR COMPATIBLE 
DEVICE NUMBER(S) 


CONFIGURATION 


16-CHANNEL SINGLE ENDED 
8-CHANNEL DIFFERENTIAL 


MODE PROGRAMMABLE 
DEVICE NUMBER (S) 


SPECIAL PURPOSE 
DEVICE NUMBER 


NOTE: MOST Rds (ON) VALUES ARE MAXIMUM AT 25°C. 
“THIS IS THE MAXIMUM VALUE OVER THE ENTIRE 0° TO 70°C TEMP RANGE 
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wD HARRIS DG506A/DG507A § 

16-Channel/Dual 8-Channel CMOS » 

Analog Multiplexer 2 

<q 

GENERAL DESCRIPTION | FEATURES } 

The DG506A/DG507A are CMOS monolithic 16-channel ® Low Power Consumption oO 

and dual 8-channel analog multiplexers, which can also be ® TTL and CMOS Compatible Address and Enable a 
used as demultiplexers. The DG506A uses 4 address inputs Inputs 


to control its 16 channels, and the DG507A uses 3 address 


inputs to control its dual 8 channels. An enable input is pro- = aay maximumP ower Supply Rating 


vided. When the enable input is high, a channel is selected © HIGH Latch-Up Immunity 

by the address inputs, and when low, all channels are off. ® Break-Before-Make Switching 
A channel in the ON state conducts current equally well in ® Alternate Source 

both directions. In the OFF state each channel blocks volt- 

ages up to the supply rails. The address inputs and the en- APPLICATIONS 

able input are TTL and CMOS compatible over the full spec- ® Data Acquisition Systems 


ified operating temperature range. Both DGS506A and 
DG507A are available in the military, industrial, and com- 
mercial temperature ranges. 


The DG506A/507A are pin-out compatible with the industry = Audio:stgnal Muluplexing 
Standard devices. ORDERING INFORMATION 


Range 


DG506AAK/507AAK;} — 55°C to + 125°C] 28-Pin CERDIP | 


DG506ABK/507ABK| —25°C to + 85°C | 28-Pin CERDIP 


DG506ACK/507ACK} O°C to + 70°C 28-Pin CERDIP 
DG506ACJ/507ACJ | 0°Cto +70°C |28-Pin Plastic DIP 


DG506A DG507A 
Sta 

S2a o” 

53a o-* 

Sin OF 

350 o” 

Sea oF 

S79 oo 

Sa oF 


Stb 

Sap OF 

Sp oF 

Sap OF 

Ssp oF - 
Seb oF 

Sp OF . 
Sep O77 


TO DECODER LOGIC TO DECODER LOGIC 
CONTROLLING BOTH CONTROLLING BOTH 
TIERS OF MUXING TIERS OF MUXING 


ADDRESS DECODER ENABLE ADDRESS DECODER ENABLE . 7 
1 of 16 1 of 4 1 of 8 1 of 2 


e J e 
Ayo Ay = Aas EN(ENABLE INPUT) 


® Communication Systems 
® Signal Multiplexing/Demultiplexing 


4 Line Binary Address Inputs 3 Line Binary Address Inputs 

(0 0 O 1) and EN @ 5V (0 0 0) and EN = 5V 

Above Example Shows Channel 9 Turned ON. Above Example’Shows Channels 1a & 1b ON. . 
Figure 1: Functional Diagrams 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307050-002 


NOTE: All typical values have been characterized but are not tested. 8-3 


DGSO6A/DG507A 


ABSOLUTE MAXIMUM RATINGS 


DG506A/DG507A 


Storage Temperature 


CSUN cali unre Cannes eka ow wa —65°C to + 125°C 
+ —_ 
a iain enta tea tee isnt waar Leet aee 44V Rone ke BG aU Ere 
v0 i at pee ee ia as oy as aa Lead Temperature (Soldering, 10 Sec.)............. 300°C 
Vin to Ground (Note 1)............ ( — 2V), ( ! + 2V) Power Dissipation* 
Vs or Vp toV+ (Note 1) .............005. +2, (V~ — 2V) 28-Pin CERDIP Package** ..............00.. 4200 mw 
Vs orVptoV— (Note 1) ................. —2,(V+ + 2V) 28-Pin Plastic Package*** .................06- 625 mW 
Current, Any Terminal exceptSorD............... 30 mA *Device mounted with all leads soldered or welded to PC board. 
: **Derate 16 mW/°C above 75°C 
bers ae OF Diceuswtsienaay.c) cena 20 mA Soins Bo AVEO SEG | 
ea urren or 
: NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
(Pulsed at 1 ms, 10% Duty Cycle Max) ........... 40 mA may cause permanent damage to the device. These are stress ratings only 
Operating Temperature - and functional operation of the device at these or any other conditions 
CG SUIS 2424.c0-cna bes ai etiereacadeees 0°C to + 70°C above those indicated in the operational sections of the specifications is not 
B Suffix ... 0... occ ccc ccc ccc cece eeee —25°C to + 85°C implied. Exposure to absolute maximum rating conditions for extended peri- 
AGUNG Pind ca oetesecaansnenciie: —55°C to + 125°C Ges) May aleChGeNice:tenauiny: 
ELECTRICAL CHARACTERISTICS (Note 3) 
Vt = —15V, V- = —15V, Ven = 2.4V, GND = OV, Ta = 25°C, unless otherwise specified. 


Parameter 


SWITCH | | 


VANALOG |Analog Signal (Note 6) ; Hs} fas 45 
Range 


Drain-Source ON 
Resistance 


Sequence Each 
Switch On 


—10V < Vs < +10V 
Drain Source ON 
Resistance 
between Channels 


DGS506A|Ven = OV 
DG507A 


DG507A Vay = 2.4V 


ARps(on) = 


Vp = 


VS(ALL) = 


Test Conditions 


Rps(on)max — Rps(on)min 
Rpsvon)avg. 


DG506AB/C, 
DG507AB/C 


< 
xo] 


NO 
NJ 


on 


| 
nm | mM 
o|o 


+10V 


Vo = Vs(atL) = —10V 


NOTE: All typical values have been characterized but are not tested. 
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DGSO6A/DG507A 


ELECTRICAL CHARACTERISTICS (Continued) 
Vt = 15V, V- = —15V, GND = OV, Ven = 2.4V, Ta = 25°C, unless otherwise specified. 


DG506AA, 
Symbol Parameter 


DG507AA 
jin (Note 2 
INPUT 
Address Input Current, Va = 2.4V — 0.00 
Input Voltage High Va = 15V hl 0. 


: 
Address Input Current VEN = 2.4V | All Va = OV —0.002 


Input Voltage Low Ven = OV — 0.002 


DG506AB/C, 
DG507AB/C 


Typ 
(Note 2) 


—0.00 

0.006 
—0.002 
— 0.002 


DGSOGA/DG507A 


Test Conditions 


+ 
< 
a] 

a 


—_ — 
oi oO 


Oo 
= 
2) 


© 
o 
— — 
Er 


DYNAMIC 


ttransition Switching Time See Figure 3 
of Multiplexer 
topen Break-Before- See Figure 5 0.2 
Make Interval 
Enable Turn-ON Time See Figure 4 Ee 1 
Enable Turn-OFF Time _ 0.4 
5 
3 


1 


jo) 
No 


= 
oO 


OIRR OFF Isolation Ven = OV, RL = 1ko, 
(Note 4) CL = 15 pF, Vs = 7 Vrms, 
f = 500 kHz 


Source OFF Capacitance 


= 
Capacitance | —_ 
}Q_____ | Chargeinjection _—|__—— See Figues | 
SUPPLY 
_ reste Spy arent Yen = 904 ava = ov | . 
| Negative Supply Current | | -1.5| -o. 
Ven = OV 3 | 24 
= Standby | Negative Supply Current 


VEN = OV, 
f = 140 kHz 


bh 
oi 


4 
2 


ye) 
Go 


ue) wT 


Nh 
aS 


3 
> 


meee i ke (er 
wll lw 

ba | 
| 
—_—, a 
iw ron 


tp nh 
> ae 


| 
i) 
sJ 


| eh, | o—_d, 
ae te eee Eo 
N N 


NOTE: All typical values have been characterized but are not tested. 
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DGSO6A/DG507A 


DGSO06A/DG507A 


ELECTRICAL CHARACTERISTICS (Continued) 
Ta = over Operating Temperature Range, Vt = 15V,V- = —15V, GND = OV, Ven = 2.4V, unless otherwise specified. 


DGS5O6AA, DG506AB/C, 
DG507AB/C 


Oo 
q) 
on 
=) 
N 
> 
> 


Symbol - Parameter. Test Conditions 


Drain-Source Sequence Eachjls = —200 pA, Vp = 10V 
ON Resistance. Switch On . 
Vat = 0.8V 
VaH = 2.4V 


Source OFF Ven = OV 
Leakage Current = —10V, Vp = +10V 


Se 
Drain OFF|DG506A|Veny = OV = —10V, Vp = +10 
Leakage | g = +10V, Vp = —10 
Current 
= —10V,Vp = +10V 
Vs = +10V, Vp = —10 


Drain ON Vp = Vs(aALL) = +10V 
Leakage 


g = —200 pA, Vp = —10V 


ie) 
OT —_h 
Oo 


Vs = +10V, Vp = —10 
Vv 


< 
77) 
| 


: 


< 
7) 
| 


= Vs(aLL) = —10V 
= Vs(ALL) = + 10V 


<|< < 
0 |S 7) 
I | | 
< 


Go 
ol 
‘ oO 


Vp = Vs(AtL) = —10V 


< 
> 
H 
had 
Be 
< 
| 
a0) 
ro) 


Address Input 
Current, Input 
Voltage High 


| | 
a) a) 


Address Input 
Current, Input 
Voltage Low 


ee 
w | o 
o|°O 


| 
w 
) 


Positive Supply VEN = 5.0V All Va = OV 
Current 
Negative Supply 
Current 
Ven = OV 
2215 


NOTES 1: Signals on Vs, Vp or Vin exceeding V+ or V~ will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 


nm N 
a h 
| | 
—_—. —_ 
o1 oO 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


: The algebraic convention whereby the most negative value is a minimum, and the most positive value.is a maximum, is ‘used in this data sheet. 


3 
4: OFF isolation = 20 log |Vs|/|Vp|, where Vs = input to OFF switch, and Vp = output due to Vs. 
5: ID(ON) is leakage from driver into “ON” switch. 

6 


: Parameter not tested. Parameter guaranteed by design or characterization. 


NOTE: All typical values have been characterized but are not tested. 
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DGSO6A/DG507A 


DG506A DGSO7A 
28 Lead DIP 28 Lead DIP 
28 Lead SOIC 28 Lead SOIC 
Top View Top View 


DG5SOGA/DG507A 


0434-3 


Figure 2: Pin Configurations 


DG507A 


tt ot = CO © OC OO 
—~ =—=—§ OO =| =~ CO OO 
-~ On O + O + O 
On Dot © MH — 


Se ees Ce Cee Coe Cores Coens Cars Cores Caren Coens Cues Cues Cans Cnn CE agp) 


X 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


~-=- + 90Qq0oo0oo0odce-H-eHeHeraH OQO00dnd x 
—“-_-mn Oodf---oqoqoo0odor-e-H-o0odce-eH+—Oo00 xX 
—~OoOo--oOo-7f OP OF OF 00+ 0 X 


web 


Logic ‘‘O” = Vat, Vent < 0.8V, Logic 1” = Vay, Veny 2 2.4V. 


NOTE: All typical values have been characterized but are not tested. 


DGSOG6A/DG507A 


DG506A/DG507A 


SWITCHING INFORMATION 


t< 20 ns 
ty <20ns 


DGSO6A 
SWITCH 
S2 THRU Sys OUTPUT OV 


SWITCH 
OUTPUT 
Vo 


DGSO7A 
Sq THRU 


Sgar Dg 
Sap THRU Sz, 


0434-6 


Figure 4: transition Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 


DGSO6GA/DGS07A 


SWITCHING INFORMATION (Continued) 


t. <20ns 
t;< 20ns 


DGSO6A 
SWITCH 
OUTPUT 
Vo 
S_ THRU Sy¢ 


0434-10 


SWITCH 
© OUTPUT 
Vo. 


0434-8 


Sqq THRU 


SWITCH 
Vo 


0434-9 
Figure 5: Enable top and tor Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 


DG506A/DG507A 


DGS506A/DG507A 


DG5SO06A/DG507A 


SWITCHING INFORMATION (Continued) 


3V t, <20ns 
/ \ ty <20ns 
OV 


Vs 


V+ 


AIS & Dy 


SWITCH 
OUTPUT 


DGSO6A 
DGS07A 


DECODER 
A, 
LOGIC A, | 
INPUT or 
EN 


LOGIC INTERFACE TYPICAL 
AND LEVEL SHIFTER SWITCH 


Figure 7: Schematic Diagram 


LOGIC INPUTS 


The address and enable inputs are fully TTL/CMOS compatible over the full supply range of +5V to +20V. 
These inputs are protected from positive and negative transients by clamping diodes. 


NOTE: All typical values have been characterized but are not tested. 
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DGS506A/DG507A 


DGSO6A/DG507A 


0434-16 


AVo is the measured voltage error due to charge injec- 
. tion. The error voltage in Coulombs is Q = Ci X AVo. 


DGS07A 


0434-15 


Figure 8: Charge Injection Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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Figure 9: Rpsjon) VS Analog Signal Voltage vs Supply Voltage - 
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Figure 10: Typical Rpsjon) Variation with Temperature 


NOTE: All typical values have been characterized but are not tested. 
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M HARRIS DGSO8A/DGSO9A =; 
SEMICON 
8-Channel/Dual 4-Channel » 
CMOS Analog Multiplexer $ 
o 
GENERAL DESCRIPTION — FEATURES o 
The DG508A/DG509A are CMOS monolithic 8-channel ® Low Power Consumption a 
and dual 4-channel analog multiplexers, which can also be © TTL and CMOS Compatible Address and Enable 
used as demultiplexers. The DG508A uses 3 address inputs Inputs - 


to control its 8 channels, and the DG509A uses 2 address 


‘ : ; 
inputs to control its dual 4 channels. An enable input is pro- adv. Maximum Power Supply taling 


vided. When the enable input is high, a channel is selected ¢ High Latchup Immunity 

by the address inputs, and when low, all channels are off. ® Break-Before-Make Switching 
A channel in the ON state conducts current equally well in e Alternate Source 

both directions. In the OFF state each channel blocks volt- 

age up to the supply rails. The address inputs and the en- APPLICATIONS 

able input are TTL and CMOS compatible over the full spec- ® Data Acquisition Systems 


ified operating temperature range. Both DG508A and e ication:-System 
DGS509A are available in the military, industrial, and com- ; Communica ae ee a 
mercial temperature ranges. Signal Multiplexing/Demultiplexing 


® Audio Signal Multiplexing 
ORDERING INFORMATION 


DG508A 


s,0-—_o-” DG508A DG509A 
16 Lead DIP 16 Lead DIP 
16 Lead SOIC 16 Lead SOIC 


kazaa 
tors 
0186-2 


Ay Ay EX(CHABLE NPUT) 2 Line Binary Address Inputs 
Above Example Shows Chan- 


3 Line Binary Address Inputs nels 1a and 1b on. 


(1.0 1) and EN = 1 
Above Example Shows Chan- 
nel 6 Turned on. 


Top View Top View 


Figure 1: Functional Diagrams Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTASBILITY AND FITNESS FOR A PARTICULAR USE. 307100-003 


NOTE: All typical values have been characterized but are not tested. 8-13 


DG508A/509A 


DG508A/509A 


ABSOLUTE MAXIMUM RATINGS 


VNON ©. gundam were Na Galea as tied vic erases 44V Storage Temperature 
WFA0 Ground aw.ts a aakwed deco aiden als cane iens —25V C Suffix... 6. cece eee eee eee —65°C to + 125°C 
: VIN to Ground (Note 1) buls Seetea ke Bl coe (V- = 2V), (vt ok 2V) , A & B Suffix ce ecee Q ceeee piegion aie fee —65 C to + wee 
Vs or Vp toV+ (Note 1)..............000. +2,(V- — 2V) z ae eee oldering, 10 sec).............. 300 
_ _ a ower Dissipation 
VS OED IOV ANONS Urcoroca cannes nyse ae EN) CERDIP Package**........0.0c0ccececeeeeees 900 mW 
Current, Any Terminal exceptSorD...............30mA Plastic Package*** ....... 00. .cc esse cece eee ee 470 mW 
~ Continuous Current, SorD......... ere er ere 20 mA ‘Device: mounted ‘wikcall leads 
ae seve S or ae : | r soldered or welded to PC board. 
a u . : 1 ms, : © duty cycle max)............ 40m **Derate 12 mW/°C above 75°C 
perating Temperature us J ; 
CSUIIX .....0cccecseeetesecscetceveese 0°C to +70°C Dota Cem anevada 
B Suffix ........ ccc cece cece wcceeccee —25°C to + 85°C NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
A SUPfIX . oo oe ccc ccc cece cc ceeeee —55°C to +125°C may cause permanent damage to the device. These are stress ratings only 


and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Note 3) 
V+ = 15V, V- = —15V, Ven = 2.4V, GND = OV, Ta = 25°C, unless otherwise specified. 


DG508AA, DG508AB/C, 
Parameter Test Conditions pesqonn DGSO9AB/C 


SWITCH 


= 
on 


Drain-Source ON Resistance |Sequence Each |Ils = —200 pA, Vp = +10V 
Switch On 


Vat = 0.8V and); — —200 yA, Vp = —10V 
VaH = 2.4V i ab 


ARpsvon) | Greatest Change in Drain —-10V < Vs < 10V 
Source ON Resistance Rps(on)max — Rpsion)min 


between Channels ARDS(ON) = Rps(on)avg 
= —10V, Vp = 10V 7 
~4 


—10 


5 |° 
a 
O 1 


DG508A |Sequence Each |Vp = Vsyai) = 10V 


Vp = Vsiail) = —10V —10| -0.03 


INPUT 

AH Address Input Current, | 
Input Voltage High 

IAL Address Input Current Ven = 2.4V All Va = OV 
Input Voltage Low Ven= ov | 


NOTE: All typical values have been characterized but are not tested. , 
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ELECTRICAL CHARACTERISTICS (Continued) 
Vt = 15V, V— = —15V, Ven = 2.4V, GND = OV, Ta = 25°C, unless otherwise specified. 


DG508AA, DG508AB/C, 
DG509AA DG509AB/C 
Parameter 
DYNAMIC 


transition [Switching Time of Multiplexer |See Figures || 
yen___[BreakBoforeMake interval |SeoFignes |_| 02 | | | 02 | | ns | 
| Ess 


ton(EN) Enable Turn-ON Time See Figure 6 
toff(EN) Enable Turn-OFF Time 


OIRR OFF Isolation VEN = OV, 
Ru. = 1k0,C_ = 15 pF 
Vs = 7 VRMS, 
f = 500 kHz 


Source OFF Capacitance 


Drain OFF Capacitance | DG508A | Vp = OV 
DG509A 


Lee 
[Charge Injection | Seerige7} | | «| || 4 | 
SUPPLY 


[= _|Neoatve suppycurens | |2V [a5 or | [sal 07 |_| ap 
ven = OV [fsa feel [19 [ee 
ssf —o7 | [vs] -o7 | 


Test Conditions 


or 
oO 


O10 sS 
o |e S 
eo |o - 
3 |S a 
pay 
— 


NOTE: All typical values have been characterized but are not tested. 
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DG508A/509A 


DG508A/509A 


ELECTRICAL CHARACTERISTICS 


Ta = over operating temperature range, V+ = 15V, V— = —15V, Ven = 2.AV, GND = OV, unless otherwise specified. 


DG508AA, 
DG509AA 


DG508AB/C, 
DG509AB/C 


Test Conditions 


Symbol Parameter 


Zz 
> its | 
a 
i = 
ND 
——Z 
2 
ro as | 
<< 
Cs i | 
ND 
— 


SWITCH 


Analog Signal Range (Note 6) 


Rpsvon) Drain-Source Sequence Each |!ls = —200 pA, 
Switch On Vp = 10V 
ON Resistance Vat = 0.8V and Is = —200 pA, 
: VaH = 2.4V Vp = —10V 


Source OFF 
Leakage Current | 


Vg = 10V, Vp = —10V 
S D nA 


on 


Ven = OV 
Vs = —10V, Vp = 10V 


DG508A_ | Ven = OV Vs = —10V, Vp = 10V 
Vg = 10V, Vp = —10V} —20 
DG509A Vs = —10V, Vp = 10V 
Vs = 10V, Vp = —10V 
DG508A_ =| Sequence Each | Vp = Vgvait) = 10V 
Switch On Vp = Vgyaiy = —10 
VaL = 0.8V and 
DG509A Vay = 2.4V Vp= Vs(all = 10V 
Vp = Vgiaiy) = —10V | —100 


Address Input Current, Va = 2.4V 
Input Voltage High Va = 15V 


Address Input Current, Alli Va = OV 
Input Voltage Low 


Ven =5.0V | AllVq=0 
t= [Negative Supply Current | 
re eo 


NOTE 1: Signals on Vs, Vp, or Vin exceeding V+ or V~ will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 


Drain OFF 
Leakage 
| Current 


_" 
= 


Nh 
(oo) 
oO 


Drain ON 
Leakage 


nr 
Oo 


=) 
> 


_ zy : 
oO oO opal 
| | | | l | 
— ae) — nN 
o1 —_ 
oO ro) oO oO 
Oo ro) ro) oO Oo a 


ale]. 3 
wo 
—) 
Aaa 3 
ro) wo 
—) o 
w — 
= [ES JE IE 
> |> |r l|> 


i) 
(>) 


| 
— 
on 


| 
_s 
On 
nh wy 
ab - 
3 
> 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 
4: OFF isolation = 20 log |Vs|/|Vp|, where Vs = input to OFF switch, and Vp = output due to Vs. 

5: Ip(on) is leakage from driver into “ON” switch. 


6: Parameter not tested. Parameter guaranteed by design or characterization. 


NOTE: All typical values have been characterized but are not tested. 


DG508A/509A 


TRUTH TABLES 


DG508A DG509A 


ON Switch 
Pair 


DG508A/509A 


Ao, Ai, EN 
Logic “1” = Vay = 2.4V 
Logic ‘O” = Var < 0.8V 


-~--43A0000.x 
==-C0O--400. 
=O-0-0-0 
pa ee ee ee ee ee a Sa 2 
OnNOnOh WD = 


Ao, Ai, Az, EN 
Logic “1” = Vay = 2.4V 
Logic “O” = Va; < 0.8V 


DECODER 
Ax 


LOGIC INTERFACE TYPICAL 
AND LEVEL SHIFTER SWITCH 


Figure 3: Schematic Diagram 


LOGIC INPUTS 


The address and enable inputs are fully TTL/CMOS com- 
patible over the full supply range of +5V to +20V. 


These inputs are protected from positive and negative 
transients by clamping diodes. 


NOTE: All typical values have been characterized but are not tested. 
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DG508A/509A 


SWITCHING INFORMATION 


LOGIC INPUT 3V 
t <20ns 50% 
ty <20ns 0 


~ Vg 
0.8Vc, 
SWITCH OUTPUT 
Vp 
TRANSITION 
TIME Vg 


0.8 Vcg 
transition transition 
$1 ON 


0186-9 


Sy_ THRU 


Sha: Da 
Sap» AND S3p 


DGSO9A 
Ab 


0186-8 
Figure 4: ttransition Switching Time Test Circuit and Waveforms 


LOGIC INPUT 
t, < 20ns 
ty < 20ns 


SWITCH 
OUTPUT 


ALL S AND D, Vp 


OPEN TIME 
DGSO8A 


DGSO9A 
0186-11 


Ar Ay, (Ag) 


GND 


0186-10 


Figure 5: topen (Break-Before-Make) Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 


8-18 


DG508A/509A 


SWITCHING INFORMATION J(Continued) 


DG508A/509A 


S1_ THRU 

Sq: Dn 

Sab» S3b» S4b 
DG509A 


SWITCH SWITCH 
OOQUTPUT - O-OUTPUT 
Yp 


EN 
t.<20ns 
ty <20ns 


0.1 Vg 
SWITCH OUTPUT 
Yp 


ENABLE 
Nony/Yorr) 0.99 
Vs 
0186-14 
Figure 6: Enable to, and to¢¢ Switching Time Test Circuit and Waveforms 


0186-20 


SWITCH AVo is the measured voltage error due to charge injection. 


see ia The error voltage in Coulombs is Q = Cy X AVo. 
0 


a pF 


0186-19 


0186-21 


Figure 7: Charge Injection Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DG508A/509A 
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Figure 8: Rpsion) VS Analog Signal Voltage vs Supply Voltage 


- 


o (NO)SQy 


Fee ae at en Fa LF 
SH eee " 


(17) (NO)SOy 


‘SWITCHING INFORMATION (Continued) 
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NOTE: All typical values have been characterized but are not tested. 


id 

® HARRIS DG526/DG527 5 

16-Channel/Dual 8-Channel CMOS ¢ 

Latchable Multiplexers ¢ 

N 

GENERAL DESCRIPTION FEATURES G 

The DG526/DG527 are CMOS monolithic 16-channel ‘and. ¢ Direct RESET . = 
dual 8-channel analog multiplexers, with on-chip address - © TTL and CMOS Compatible Address and Enable 

and control latches to simplify design in microprocessor Inputs 


based applications. The DG526 uses 4 address inputs to 


control its 16 channels and the DG527 uses 3 address in- ° 44V Maximum Power Supply Rating 


puts to control its 8 pairs of channels. The enable pin is ¢ Break-Before-Make Switching 
used to enable the address latches during the WR pulse. It ® Alternate Source 

can be hard wired to the logic supply if one of the channels : 

will always be used (except during a reset) or it can be tied APPLICATIONS 

to address decoding circuitry for memory mapped opera- ® Data Acquisition Systems 


tion. The RS pin is used to clear all latches regardless of the © Communicati 
ae ; unication Systems 

state of any other latch or control line. The WR pin is used . : Y . 

to transfer the state of the address control lines to their RuLomans Test Equipment 

latches, except during a reset or when EN is low. ® Microprocessor Controlled System 


A channel in the ON state conducts current equally well in ORDERING INFORMATION 


both directions. In the OFF state each channel blocks volt- 
Part Number semperalure: Package 
Range 


age up to the supply rails. The address inputs, WR, RS and 
DG526AK/527AK | — 55°C to + 125°C | 28-Pin CERDIP 


the enable input are TTL and CMOS compatible over the 
full specified operation temperature range. Both DG526 and 
DG527 are available in the military, industrial, and commer- 
cial temperature ranges. 


DG526CJ/527CJ 


0°C to + 70°C 28-Pin Plastic DIP 


DG526 
16 Channel Single Ended Multiplexer 


v= GNO 


DECODER LOGIC & LATCHES DECODER LOGIC & LATCHES 


Figure 1: Functional Diagrams 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307060-002 


NOTE: All typical values have been characterized but are not tested. 8-21 


DG526/DG527 


ABSOLUTE MAXIMUM RATINGS 
MIP MOV aloha dan Site Paws wie dne nae shee Means 44V 
VO GlOUNG 2s Sic ke Sina hea dad eenietis Seay —25V 
Vin to Ground (Note 1) ............ V—- — 2V), (Vt + 2V) 
Vs or Vp toVt (Note 1) ..............08. +2,(V- — 2V) 
Vs or Vp toV- (Note 1) ................. —2,(Vt + 2V) 
. Current, any Terminal exceptSorD ............... 30 mA 
Continuous Current, SorD ............... cee eee ee 20 mA 
Peak Current, S or D (Pulsed at 1 ms, 
10% Duty Cycle Max)........... 0. cc cee eee cee 40 mA 


oth SUTIN oso eaven be bded oy Oe Olece eS: 0°C to + 70°C 
SP) OUI ish: soa ee nas ae aA ata ae a ass —25°C to + 85°C 
POSUNIK aie cd pon ie lnc ene — 55°C to + 125°C 


ELECTRICAL CHARACTERISTICS 
Vt = 15V, V- 


(Note 3) 


Parameter 


SWITCH 


Drain-Source 
ON Resistance 


Sequence Each 
Switch On 

Vat = 0.8V and 
VAH = 2.4V 


Rps(ON) 


NOTE: All typical values have been characterized but are not tested. 


Greatest Change in Drain | 
Source ON Resistance 
between Channels 


ARpsvon) = 


Source OFF Leakage 


Current 
DG526 
DG527 


DG526 | Sequence Each 


Switch On 
DG527 


Drain OFF Leakage 
Current 


Drain ON Leakage 
Current 


VaL = 0.8V 
and 
VaH = 2.4V 
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Test Conditions 


Analog Signal Range (Note 7) 


ee ee 
Ig = —200 pA, 
Vp = +10V 270 400 - 
Is = —200 pA, 
0 
Vp = —10V as a 


—10V < Vg < +10V 


Rps(on)max = Rps(on)min 
Rpsvon)avg. 


Vs = +10V, 
Vp = —10V 


Vs = —10V, 
Vp = +10V 


Vs = ~10V, 


Vp = +10V = 

cto [=| 0 | + 

2 nA 
Vs = —10V, | 

Vp = +10V 


yest | ot 
Vp = —10V 

Pies ven = 2 |e 
Tes venus 107 [= 
es vey = e107 =e 
evens 107 [oe 


DG526/DG527 


Storage Temperature 


CSUN ii cate tte es eee ewes — 65°C to + 125°C 
AGB SUNG cused eacatecee ness —65°C to + 150°C 
Lead Temperature (Soldering, 10 Sec) ............. 300°C 
Power Dissipation* 
28 Pin-CERDIP Package** ................000- 1200 mW 
28 Pin-Plastic Package*** ..................0005 625 mW 


*Device mounted with all leads soldered or welded to PC board. 
**Derate 16 mW/°C above + 75°C. 
***Derate 8.3 mW/°C above + 75°C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 


may Cause permanent damage to the device. These are stress ratings only 


and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


~15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, Ta = 25°C, unless otherwise specified 


DG526, DG527 


Typ 
(Note 2) 


xs 


0.02 


=] 
> 


0.02 


| | 


Sas 7 
i) 


0.2 


—_— 
© 
=) 
> 


DG526/DG527 


ELECTRICAL CHARACTERISTICS (Continued) _ 
Ta = 25°C, Vt = 15V, V- = —15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, unless otherwise specified 


DG526/DG527 


DG526, DG527 


cs (Note 2) 


IAH Address Input Current, Va = 2.4V 
Input Voltage High Va = 15V — 


in Address Input Current, Ven = 2.4V | All Va = OV 
Input Voltage Low RS = OV, WR = OV 


Test Conditions 


Symbol Parameter 


—| 
< 
no] 


2 
1 


0 
0 


[lets 
= le fe. fe 
Bee 


0 
0 


_ 


— 
o 


To ne) Be) 


Break-Before-Make Interval See Figure 7 il 
WR i ceo 
tors (EN, RS) | Enable and Reset 
Turn-OFF Time 
OIRR OFF Isolation Ven = OV,R = 1kO, 
(Note 4) CL = 15 pF, Vs = 7 VRMS, 
f = 500 kHz 


j=) 
N 


0. 1 


Logic Input Capacitance f = 1 MHz 


5 
Ven = OV, f = 140 kHz 1 
6 


|| 
la Charge Injection See Figure 11 | 


SUPPLY 


Positive Supply Current Ven = OV All Va = OV Ed 
ie a Negative Supply Current “a2 


4 
5 
0 
5 
5 


i) 
or) 
= 
on) 


LE: 
> 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


DG526/DG527 


ELECTRICAL CHARACTERISTICS (Continued) 


Ta = over operating temperature range, V+ = 15V, V- = —15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, unless 
otherwise specified 


DG 


a 
i) 
o 
0 
G) 
on 
iS) 


7 


Parameter Test Conditions 


2 
oo 
me << 
ows 
S 
=—w 


wo |rm 1m |ow lo nl @ 
oom Romo) a 
olo/o/s6 


SWITCH 


Analog Signal Range (Note 7) 


ARpsvcon) | Greatest Change in —-10V<Vs2 + 10V 
Drain Source ON 
Resistance between Channels 


Rps(on) | Drain-Source — Sequence Each | Is = —200 pA, Vp = 10V 
ON Resistance Switch On 
7 VaL=0.8V | 1, = —200 nA, Vp = —10V 
VaH = 2.4V 7 as 


Leakage Current Vg = —10V, Vp = +10V 
DranOFF Vs = —10V, Vp = +10 —300 
Leakage Current Vg = + 10V, Vp = -10 


Vs = —10V, Vp = +10 
Vs = +10V,Vp = —10 —200 


| 
=e 
oO 


oO 
o>) 


133) 
>) 


AA 
oO 
=) 


Sequence Each | Vp = VgyaLt) 
Switch On = +10V 
VaL = 0.8V and 


Drain ON Leakage . 
Current 


ID(ON) 


(Note 5) 


© 


Vp = Vs(ALL) 


VAH = 2.4V = —10V -200 = A 
a : 
— ca 


INPUT 


Address Input Current Va = 2.4V oS 


IAL Address Input Current, VEN = 2.4V All Va = OV = 
Input Voltage Low RS = OV, WA = ov 


SUPPLY 


Positive Supply Current Ven = OV, All Va = OV 
| Negative Supply Current 


NOTE 1. Signals on Vs, Vp or Vin exceeding V+ or V~— will be clamped by internal diodes. Limit diode forward current to maximum current rating. 


—_ a 
fo) i=) 


Ee TE TE TE 


= 
on 


t7 
> 


. Typical values are for design aid only, not guaranteed and not subject to production testing. 

. The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 
. OFF isolation = 20 log |Vs|/|Vp|, where Vg = input to OFF switch, and Vp = output due to Vg. 

- ID(ON) is leakage from driver into “ON” switch. 

. Period of Reset (RS) pulse must be at least 50 js during or after power ON. 


NO om & |W BD 


. Parameter not tested. Parameter guaranteed by design or characterization. 


NOTE: All typical values have been characterized but are not tested. 
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DG526 DG527 


Dual-In-Line Packages 


28 Lead DIP 28 Lead DIP 
28 Lead SOIC 28 Lead SOIC 


0435-3 
Figure 2: Pin Configurations 


Truth Tables 


Maintains Previous Latching Maintains Previous 
Switch State Switch State 
None (Latches 
Cleared) 

None 


Reset None (Latches 
Cleared) 
None 
1 
Transparent 
Operation 


Transparent 
Operation 


=~ see Ht OOO TO OK 
- 4 OoO0o0-- «=~ 00 x 
ee ee a 
pa ee Ce ee oe a 
oo 0o0o00c0cdCcOUOUlUlO 
ek ek ek eek ek ek Sa 


Logic “1” = Vay, VENH = 2.4V 


oooooc”cooooooooo;o 
aol = Se et ak ek ee ke a a ek 


_~ steoee ototom O OOO OC OO OO XX 
(o) 


aA eter es OCT COO Hf] 224 000 0 XX 
-a,e OF Ort +00+-+:00+ +00 XX 
-~o-(o+-fto0or0frt 0O+;0+0+ 0X 
ee a Ss ee ae Ce re ae Cae Ca Coe Ce Ce Cn CY a] 


Logic “0” = Vat, Vent < 0.8V 
Minimum Input Timing Requirements 
Bara ter Measured Min Limits Over Test 
Terminal Full Temp Range Circuit 


tw WRITE Pulse Width a ee ee ee 
See Figure 4 


tow A.EN Data Valid to WRITE Ao, A1,Az(Ag)EN,WA | 180, 
two A.EN Data Valid after WRITE | Ao, At, As, S EN.WA | 30 | 
See — 5 
— = 5V 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


Logic interface and level shifter 


TO 
DECODER 


0435-21 


DG526/DG527 


Decoder and switch 


DECODER 


v= 
0435-22 


Figure 3: Schematic Diagrams 


— 3V 
WR 1.5V 
t-<20 ns 0 ti 
%<20 ns sy tow-»} twp 
+A ’ A < "4 
tobyltg) oa 


a 0435-5 
Figure 4: WR Timing Waveforms 


LOGIC INPUT 
t. <20ns 
t.< 20ns 


SWITCH OUTPUT 


transition transition 
S1 ON 


0435-7 


=. OY 
RS 
t-<20ns 0 = 


4<20 ns ’ tote (RS) 
SWITCH °° 0.8V5 
OUTPUT ov 


Figure 5: RS Timing Waveforms 


SWITCH 


SWITCH 
OUTPUT 


e Vob 


0435-9 


Figure 6: ttransition Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


LOGIC INPUT 3V 
t.<20ns 50% 
t;< 20 ns OV 


DG526/DG527 


SWITCH OUTPUT Ys 
Vp 80% 


ALL S AND Dy 


DG526 
DG527 


OV 


GND WR V- 


EN 
t.<20ns 
t;<20ns 


SWITCH 
OUTPUT 


SWITCH 
OUTPUT 


O Vop 


0435-14 


Figure 8: Enable tg, and toss Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


DG526/DG527 


28 OV 
WR 1.5V 
t.<20ns OV 
t<20 ns 


SWITCH ton (WR) | SOR 
Sib 
OV : 0.2Vo 


REMAINING 
0435-15 SWITCHES 


Device must be reset prior to applying WR pulse DG526 


SWITCH 
OUTPUT 


=x. SV 
RS 1.5V 
t-<20ns OV 


t,<20 ns V+ 


S, OR 
1b 


REMAINING 
SWITCHES 


SWITCH 
OUTPUT 


. Figure 10: Reset toss Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


0435-20 


AVo is the measured voltage error due to 


charge injection. The error voltage in Cou- 


lombs is Q = Cy X AVo. 


0435-19 
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These inputs are protected from positive and negative tran- 


sients by clamping diodes. 


The address, enable WR and RS inputs are fully TTL/ 
+ 20V. 


CMOS compatible over the full supply range of +5V to 


Logic Inputs 
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Vin ANALOG SIGNAL VOLTAGE (V) 


la =~200 pA 
SV 


VEN 


eae t2=-11=10:'=9 <8 -7 =6 <5 <4: = 


Figure 12: Rps(on) VS Analog Signal Voltage vs Supply Voltage 


NOTE: All typical values have been characterized but are not tested. 
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DG526/DG527 


fe TN Nes AI IL Iasi ale dese leila al 


a a 


At seas eee 
Pee ea IE Ee 
ee ay es Testis 
ee Sel ecl as ote Aiea ll ede alk 

fa Ca sa FR a (0G a a 
Espasa eae hae ee 
Pa Mee I all ee MEW eel esac ste leet a ot 
Pe ice at |S HS an 

Aten aaa ee ee 

Bias Pe eas et Meco t ete otl calieel 

Fe Fe 

Jasna sea aes 
12S Wee ae 
ee ee 


Oo 
o 


4V 


Vt=¢415V V= 


Ven =2 


(o) 


40 


N Oo 


(vd) (NO)SGy 


Z£2s9a/972s5a 


Temperature (°C) 


Figure 13: Typical Rpsjon) Variation with Temperature 


NOTE: All typical values have been characterized but are not tested. 
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Ris 


SEMICONDUCTOR 


tt 


GENERAL DESCRIPTION 


The DG528/DG529 are CMOS monolithic 8-channel and 
dual 4-channel latchable analog multiplexers, with on-chip 
address and control latches to simplify design in microproc- 
essor based applications. The DG528 uses 3 address in- 
puts to control its 8 channels and the DG529 uses 2 ad- 
dress inputs to control its dual 4 channels. The enable pin is 
used to enable the address latches during the WR pulse. It 
can be hard-wired to the logic supply if one of the channels 
will always be used (except during a reset) or it can be tied 
to address decoding circuitry for memory mapped opera- 
tion. The RS pin is used to clear all latches regardless of the 
state of any other latch or control line. The WR pin is used 
to transfer the state of the address control lines to their 
latches, except during a reset or when EN is low. 


A channel in the ON state conducts current equally well in 
both directions. In the OFF state each channel blocks volt- 
age up to the supply rails. The address inputs and the en- 
able input are TTL and CMOS compatible over the full spec- 
ified operating temperature range. Both DG528 and DG529 
are available in the military, industrial, and commercial tem- 
perature ranges. 


0185-1 7, 
DG528 

8-Channel Single-Ended 

Multiplexer with Latches 


Figure 1: Functional Diagrams 


8 
DECODER LOGIC 


DG529 
Dual 4-Channel Multiplexer 
with Latches 


DG528/DG529 
8-Channel/Dual 4-Channel 
Latchable Multiplexers 


FEATURES 


® Low Power Consumption 

© TTL and CMOS Compatible Inputs 
© 44V Maximum Power Supply Rating 
® High Latchup Immunity 

© Break-Before-Make Switching 

© Alternate Source 


APPLICATIONS 


® Data Acquisition Systems 

© Communications Systems 

® Automatic Test Equipment 

© Microprocessor Controlled System 


ORDERING INFORMATION 


DG528 
18 Lead DIP 
18 Lead SOIC 


DG529 
18 Lead DIP 


18 Lead SOIC 


0185-2 


Top View 


Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


8-31 


307125-003 


DG528/DG529 


DG528/DG529 


ARps(on) {Greatest Change in —10V < Vs < 10V 
Drain Source ON _R 04 
Resistance between ARpsvon) = Ros(on)max — Ros(on)min : 
Channels RDs(on)avg. 


DG528/DG529 

ABSOLUTE MAXIMUM RATINGS 
VIHOV SG cdclecveieseewisheuss aeliencae atone) AG, Aaa 44V Lead Temperature (Soldering, 10 sec.) ............. 300°C 
VW 10 Ground e.emanigindered seed euh Gee esas —25V Power Dissipation* 
Vin to Ground (Note 1).......... ..(V> — 2V), (Vt + 2V) CERDIP PACKAGO”” fs.o esi ese oa Aen gee eee 900 mW 
Vs or Vp toV+ (Note 1) .........000. #2, (V- — 2v) Plastic Package*** ......... Sree d essen es 470 mW 
Vs or Vp toV— (Note 1) ............0008, —2,(V+ + 2V) “Device mounted with all leads 
Current, Any Terminal exceptSorD....... Prana 30 mA soldered or-welded to PC beard 

| **Derate 12 mW/°C above 75°C 


Continuous Current, SorD ...................0085 20 mA 


Ok * ° ; ° 
Peak Current, S or D Derate 6.3 mW/°C above 75°C 


(Pulsed at 1 ms, 10% duty cycle max)............ 40 mA NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
; may cause permanent damage to the device. These are stress ratings only 
Operating Temperature . and functional operation of the device at these or any other conditions 
C SUNIX seowsy eninede eee tees etek ees 0°C to + 70°C above those indicated in the operational sections of the specifications is not 
B SUK as Avance nt ates hee eee ..—25°C to + 85°C implied. Exposure to absolute maximum rating conditions for extended peri- 
A SUNG tise tines tus eeeein seed works —55°C to + 125°C ods may affect device reliability. 
Storage Temperature 
CSUMK veewce tunctersdased oeed .... 765°C to + 125°C 
A-&-B SUNK beds eestunnisgeeeokess — 65°C to + 150°C 
emesis CHARACTERISTICS (Note 3) 
= 15V, V— = —15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, Ta = 25°C unless otherwise specified. 


‘Symbol Parameter "Test Conditions pow DG529B/C 
(Note 2) (Note 2) 


SWITCH 


eww OSOC—“—sSC“S“SsSC“sSsSSS 
Vanavoa|Araioa Senalfange [woe S—~d de] i 


Rps(on) |Drain-Source ON Vp = +10V, Vay = 0.8V, 
Resistance VaH = 2.4V, ls = —200 pA 270 | 400 270 |450} © 
Sequence Each Switch ON 


= = + om ) 
Is(off) Source OFF Ven = OV Vs = +10V, Vp +10V 0.005 —0.005| 5 
Leakage io 


ID(off) Drain OFF 1DG528 Ven = OV Vs = #10V, Vg = F10V, Vp = + 10V| = +10V 
Leakage Current] )q509 WVe = F10V,Vp = +10V 


DG528!| Sequence Each 
= = + 
Vat = 0.8V, 
Dees VaH = 2.4V Vsiail) = Vp = £10V me —0.015 as —0.015 =H 
INPUT 


—————————— 
Address Input Current, Va = 2.4V eS me eee 


Address Input Current, aa oe = ov mio] 0002] [=v0] 0.008] | wa 
eee ee —Ner= v__|Fs =ov,WA=ov  |-10]-0.002] 10] -0.002] | na | 


Drain ON 


Leakage Current 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 
V+ = 15V, V— = -—15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, Ta = 25°C unless otherwise specified. 


DG528/DG529 
mee 
DG529A DG529B/C 
Symbol Parameter 


Typ Typ 

(Note 2) (Note 2) 

ttransition |Switching Time See Figure 6 { p 

of Multiplexer B 
Break-Before-Make See Figure 7 0.2 
Interval ; 

ton(EN, WR)| Enable and Write See Figures 8 and 9 (Note 7) 
Turn-ON Time 

toff(EN, RS) | Enable and Reset See Figures 8 and 9 (Note 7) 
Turn-OFF Time 


OFF Isolation Ven = OV, RAR, = 1k, Cy, = 15 pF 
Vs = 7 VRMS, f = 500 kHz 


N Logic Input Capacitance |f = 1 MHz 


Source OFF Capacitance] Vs = OV 


Capacitance 
See Figure 11 
SUPPLY 
Positive Supply Current 
Negative Supply Current 


ELECTRICAL CHARACTERISTICS Ty, = over operating temperature range, V+ = 15V, V— = —15V, GND 
= OV, WR = OV, RS = 2.4V, EN = 2.4V unless otherwise specified. 


DG528A, DG528B/C, 
DG529A DG529B/C 
Symbol Parameter Test Conditions 


(Note 6) 


Test Conditions 
(Note 6) 


0 
~< 
= 
> 
se 
O 


o = 
BAN 
ei 


O18 |f [22 
o |o oO D 
a o wD 
a bd is 


pC 


ti 
| 
on 


SWITCH 


Analog Signal Range (Note 7) 


Rpsion) |Drain-Source ON Vp = +10V, Va, = 0.8V, 
Resistance VAH = 2.4V, Is = —200 pA 
Sequence Each Switch ON 


IS(off) Source OFF 
Leakage Current 
Drain nae DG528 Vey S0y 
Leakage Current 
DG@s29| 


Vat = 0.8V, 
VAH = 2.4V 


NOTE: All typical values have been characterized but are not tested. 
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DG528/DG529 


DG528/DG529 


DG528/DG529 


ELECTRICAL CHARACTERISTICS (Continued) — — = 
Ta = over operating temperature range, V+ = 15V, V— = —15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V unless 


otherwise specified. 
DG528A, DG528B/C, 
DG529A DG529B/C 


Symbol| | Parameter 
Typ Typ 
(Note 2) (Note 2) 


INPUT 


Address input Current, [Va = 24V i a ae = ee errs 
i a i ES 
SUPPLY 


Positive Supply Current {Ven = OV, Vaya) = OV 
— Negative Supply Current 


NOTES 1: Signals on Vs, Vp, or Vin exceeding V+ or V— will be clamped by internal diodes. Limit diode forward current to maximum current ratings. . 


Test Conditions 
(Note 6) 


2: Typical values are for design aid only, not guaranteed and not subject to production testing. 


3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 


lVsl 


: OFF isolation = 20 log Iv | 
D 


a 


where Vs = input to OFF switch, and Vp = output due to Vs. 


5: Ip(on) 1S leakage from driver into ON” switch. 
6: Poriod of Reset (RS) pulse must be at least 50 ps during or after power ON. 


7: Parameter not tested. Parameter guaranteed by design or characterization. - 


TRUTH TABLES 


Maintains previous . | Maintains previous 
switch condition switch condition 
NONE NONE 

(latches cleared) | (latches cleared) 
NONE NONE 

1 1 


2 
3 
4 


Logic “1”: Vay = 2.4V 
Logic “0”: Val < 0.8V 


X 
0 
¢) 
0 
0 
1 
1 
1 
1 


- +4 OO OO xX 
-O- O- 00 xX 
wh hk kk OO 
ooo co 0o0qo0qo0o0°0o | 
oe ee ee See Cree Cee Capen Caer 


NOTE: All typical values have been characterized but are not tested. 
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DG528/DG529 


DG528/DG529 


TO 
DECODER 


Decoder and Switch 
0185-25 


Logic Interface and Level Shifter 
Figure 3: Schematic Diagrams 


Minimum Input Timing Requirements 


Symbol Parameter | | Measured Terminal min ents ever Test Circuit 
Full Temp. Range 


WRITE Pulse Width MO ae oe ee OO! ell 
A, EN Data Valid to WRITE 
aaa (Stabilization Time) As At, (Aa), EN, WR pte See Figure 4 
A, EN Data Valid after WRITE 
i (Hold Time) ea <—_ 
tAS RESET Pulse Width See Geng 5 
(Note 6) Geng = 5V 


Pe « oe cae ES 
- tof (RS) 
Ags Ay, (Ag) 3¥ switcH Yo ak 
EN 9 : x OUTPUT oy 0185-6 


Figure 4: WR Timing Waveforms Figure 5: RS Timing Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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aren 


DG528/DG529 


DG528/DG529 | 


SWITCHING INFORMATION. 


So THRU S7 
pe528 


LOGIC INPUT — 
t.<20ns 
%<20ns 


Vs1 
0.8 Vey 


SWITCH OUTPUT 


transition 


0185-7 


LOGIC INPUT =: SV 
t.<20ns 50% 
te <20ns 0 
ALL S AND D, 
SWITCH OUTPUT Ys | DG528 
YD 80% 06529 


ad hor Aye (Ag) 
GND WR 


0185-10 


0185-11 
Figure 7: topen (Break-Before-Make) Switching Time Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DG528/DG529 


SWITCHING INFORMATION (Continued) 


DG528/DG529 


EN 
t.<20ns 
ty <20ns 


Sq THRU 

5 jasDas 

S2p+ S3b» S4b 
DG529 


— IV EN S; OR 
WR 1.5V Sip 
ov REMAINING 
<20ns Aor At (Ag) SWITCHES 
t.<20ns 06528 
SWITCH 
SWITCH 
0.2Vo 7 © OUTPUT 
Vo 
0185-15 


Device must be reset prior to applying WR pulse. 


0185-16 


Figure 9: Write toy Switching Time Test Circuit and Waveforms: 


NOTE: All typical values have been characterized but are not tested. 
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DG528/DG529 


DG528/DG529 


SWITCHING INFORMATION (Continued) 


Ve 
EN S, OR 
Sip 


— ov 
RS 1.5V SWITCHES 


OV DG528 
t. < 20ns DG529 


t, < 20ns tott (RS) 


0185-17 


0185-20 


C, = 1000 pF ' AVo is the measured voltage error due to charge injection. The error 
| ' voltage in Coulombs is Q = Cy X AVo. 


0185-19 
Figure 11: Charge Injection Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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62S9Dqa/sesda 


DG528/DG529 


SRE ERERY 4a RARE 
Paled sae 


ele Ae Teche CN 
Renal oN 


v ae Ss 


SWITCHING INFORMATION (Continued) 


=-15V 


+=4¢15V V= 
+ — 
+=47.5V Vo 


==7.5V 


4 5 6 7 8 9 10 14 12 13 14 15 


-1 0 
Vin ANALOG SIGNAL VOLTAGE a 


W1WS—14913 912 -11-10 -9 -8 -7 -6 -5 -4 3 -2 


23 


0185- 


Figure 12: Rps(on) VS Analog Signal Voltage vs Supply Voltage 


(17) (NO)SGy 


Temperature (°C) 


0185-24 


Figure 13: Typical Rps(on) Variation with Temperature 


NOTE: All typical values have been characterized but are not tested. 
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Ww HARRIS 


HI-1818A/1828A 


Low Resistance Single 8/Differential 
4 Channel CMOS Analog Multiplexers 


HI-1818A/1828A 


Features 


e Signal Range 

@ “ON” Resistance (Typ) ..csscccccsscsssssssesssssserccetsssseeeeee 2500 
e Input Leakage (Max) 

© ACCESS TIME (TYP.) cisssscsisecsccnssenciveciavtadecevnvecestvegerss 350ns 
© Power Consumption (Ty).) .......cssssesssccessssercessessesens 5mW 
e DTL/TTL Compatible Address 

e -559C to +1259C Operation 


Description 


The HI-1818A/1828A are monolithic high performance 
CMOS analog multiplexers offering built-in channel 
selection decoding plus an inhibit (enable) input for 
disabling all channels. Dielectric Isolation (Di) proces- 
sing is used for enhanced reliability and performance (see 
Application Note 521). Substrate leakage and parasitic 
Capacitance are much lower, resulting in extremely low 
static errors and high throughput rates. Low output leak- 
age (typically 0.1nA) and low channel ON resistance 
(250) assure optimum performance in low level or 
current mode applications. | 


Pinouts  Hi-1818A CERAMIC/PLASTIC DIP 
TOP VIEW 


ADDRESS Ay []1 
+5.0V SUPPLY []} 2 


16 || ADDRESS Ag 


ADDRESS Ag [| 4 


HI-1818A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 


to] - VSUPPLY 


18] + VSUPPLY 


Applications 


e Data Acquisition Systems 
e Precision Instrumentation 
e Demultiplexing 
e Selector Switch 


The HI-1818A is a single-ended 8 channel multiplexer, 
while the HI-1828A is a differential 4 channel version. 
Either device is ideally suited for medical instrumentation, 
telemetry systems, and microprocessor based data acqui- 
sition systems. 


The HI-1818A/1828A is offered in a 16 pin Ceramic or 

Plastic DIP and a 20 pin Plastic Leaded Chip Carrier 

_ (PLCC). For MIL-STD-883 compliant parts, request the 
HI-1818A/883; HI-1828A/883 data sheet. _ 


HI-1828A CERAMIC/PLASTIC DIP 
TOP VIEW 


161] ADDRESS Ag 
15{] -VsuppLy 


ADDRESS Ay |} 1 
+5.0V SUPPLY |] 2 
141) +VsuppLy 
OUTS5 THRUS {| 4 
12]| OUT1 THRU 4 


HI-1828A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 


| | - VSUPPLY 


+ VSUPPLY 


15] OUTPUT 1 THRU 4 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-1818A/1828A 


Functional Diagrams 


HI-1818A 
DIGITAL ADDRESS 
ENABLE 
A09 Alo A2o 9 


A2 Aj 


ENABLE 


ADDRESS 
INPUT BUFFER MULTIPLEX L L 
BUFFERS SWITCHES o INI L L 
L H 
L H 
OUT H L 
O INS H [ 
H H 
H H 
xX xX 
H1-1828A 
ie f ENABLE 
ADDRESS ¥ 
INPUT 
BUFFERS MULTIPLEX 
SWITCHES IN4 


ENABLE 
BUFFER 


OUT 1-4 
IN 4 
IN5 
OuT 5-8 
IN8 
Die Characteristics 
OP RATISISLOR GOUP be. yitiisest cia iincote eto tt a e et ana rnd duseadocaus 210 
Die DIMENSIONS... cece eee ccceeececeeeeeeees 67.7 x 103.5 mils 
Substrate Potential™ ........... ce ceeseeesssseeeecseees -VSUPPLY 
FP FOCOSS air ssnss sash tiuecs, unseen nddeisvensens teeta lldnenaeenoon CMOS-DI 
Thermal Constants (°C/W) Bia Gjc 
Ceramic DIP 111 41 
Plastic DIP 81 oo 


*The substrate appears resistive to the -Vgypp_y terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon- 
ductor at -VsyppLy potential. 
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ADDRESS 


TRUTH TABLES 


HI-1818A 


“ON” 
CHANNEL 


—— 


Ago N 


x<Treirrtrreiinr 
Trerereerernwrer eo 
ONOoah Wn = 


HI-1828A 


ADDRESS “ON” 
EN CHANNELS 


Tand 5 


2 and 6 
3 and 7 
4 and 8 
NONE 


HI-1818A/1828A 


HI-1818A/1828A 


Specifications HI-1818A/1828A 


Absolute Maximum Ratings (Note 1) | | | 
Voltage Between Supply PRS ss endisetereetetatac ets 40.0V Storage Temperature Range. ................. -659C to +1509C 


LOGIC SUPPIY VOtEe sc ciciswresinenssedidravtesseae aun trecteinaes 30.0V Digital Input Voltage... -VSUPPLY to tVSUPPLY 
Analog Input Voltage: Operating Temperature Ranges: 
+*VIN sieeensenesceusssonecnsaceseseseseanensneessersatecaes *VSUPPLY +2V HI-1818A/1828A-2, -8 oo. cecceeteeeees -559C to +1250C 
VEN ssnsy toes arenes ceva oniengletuatesenth touvsungenaadees -VSUPPLY -2V H1-1818A/1828A-5 ........cccccccccccceeccceccceeccesee 0°C to 75°C 
Junction Temperature (MAX) ......cccccccccsscsesseeseeeereees 175°C 


Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V, +5V; 
_ VAL = 0.4V, VAH = 4.0V 


HI-1818A/1828A HI-1818A/1828A 
-2, -8 -5 
PARAMETER temp | _min_| tye | max | mn | tye | max | units 


ANALOG CHANNEL CHARACTERISTICS 


“Vin, Analog Signal Range 
“Ron, ON Resistance (Note 2) 


*Is(OFF), Input Leakage Current 
*ID(ON), On Channel Leakage Current 
(HI-1818A) 
(HI-1828A) 
Ip(OFF) Output Leakage Current 
(H!-1818A) 
(HI-1828A) 


DIGITAL INPUT CHARACTERISTICS 


VAL, Input Low Threshold 
VAH, Input High Threshold (Note 3) 
la, Input Leakage Current 


SWITCHING CHARACTERISTICS 
Ts, Access Time (Note 4) 


Break-Before-Make Delay 
Settling Time (0.1%) 
(0.025%) 

Cin, Channel Input Capacitance. 
CouT, Channel Output Capacitance 

(HI-1818A) 

(HI-1828A) 
Cps(OFF), Drain-To-Source 
Capacitance 
Cp, Digital Input Capacitance 
toN(EN), Enable Delay (ON) 


toFF(EN), Enable Delay (OFF) 


~POWER REQUIREMENTS 


Pp, Power Dissipation 
“I+, Current 
*|-, Current 
“IL, Current 


*100% Tested for Dash 8. Leakage currents not tested at -559C. 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the cir- 
cuit may be impaired. Functional operation under any of these conditions is not necessarily implied. 


2. Vout = £10V, lout = -1mA. 
3. To drive from DTL/TTL circuits, 1k pull-up resistors to +5.0V supply are recommended. 
4. Time measured to 90% of final output level; Vout = -5.0V to +5.0V, Digital Inputs = OV to +4.0V. 
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HI-1818A/1828A 


Performance Characteristics 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL 


SWITCHING CURRENT - mA 


ON RESISTANCE - OHMS 


V1- SIGNAL LEVEL (VOLTS) 


LEAKAGE CURRENTS vs. ‘TEMPERATURE * 


OFF LEAKAGE ON LEAKAGE 


*Two measurements per channel: 
+10V/-10V and -10V/+10V. 
(Two measurements per device 
for ID(OFF): 
+10V/-10V and -10V/+10V). 


100nA 


10nA 


1nA 


100pA 


25 50 75 100 125 
TEMPERATURE -°C 
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ON CHANNEL CURRENT vs. VOLTAGE 


VOLTAGE ACROSS SWITCH 


ACCESS TIME 


*Similar connection for HI-1828A. 


100ns/DIV 


Ag INPUT 
2V/DIV 


HI-1818A/1828A 


HI-1818A/1828A 


Switching Waveforms 


ENABLE DRIVE 


VAH = 4.0V 


ADDRESS DRIVE 


4.0V 


ADDRESS 
ov DRIVE(Va) 


Ordering Information 


HI-1818A/1828A 


ENABLE DELAY 
(tON(EN): tOFF(EN)) 


* HI-1818A 


*Similar Connection For HI-1828A 


BREAK-BEFORE-MAKE 
DELAY (topeN) 


* HI-1818A 


*Similar Connection For HI-1828A 


12.5pF 


ENABLE DELAY 
(tON(EN), tOFF(EN)) 


AL [ean 4 iaaZ 
Vo DRIVE 


eal is 


50ns/DIV 


BREAK-BEFORE-MAKE 
DELAY (toPEN) 


letudolyobobchobe 
LT TN Y: OUTPUT \LZ_ 
Pid NA i NE 


100ns/DIV 


PART NUMBER TEMPERATURE RANGE | opackace | 


HI3-1818A-5 
HI1-1818A-2 
~ HI1-1818A-5 
’ HI1-1818A-7 


HI4P1818A-5 


HI1-1828A-5 
Hii-1828A-7 
HI3-1828A-5 


HI4P1828A-5 


Hl1-1828A-2 


0°C to +75°C 
-559C to +1259C 
0°C to +75°C 


—0°C to +75°C + 86 Hr. Burn-in 


0°C to +75°C 


0°C to +75°C 
0°C to +75°9C + 96 Hr. Burn-in 
0°C to +75°C 
09°C to +75°C 
-559C to +125°9C 
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16-Pin Plastic DIP 
16-Pin CERDIP 
16-Pin CERDIP 
16-Pin CERDIP 
20-Pin PLCC 


16-Pin CERDIP 
16-Pin CERDIP 
16-Pin Plastic DIP 
20-Pin PLCC 
16-Pin CERDIP 


HI-1818A/1828A 


Schematic Diagrams ADDRESS INPUT BUFFER 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


ADDRESS 
INPUT 


A20R A2 
e 


To ! 
P CHANNEL 
SWITCH 

1 


All N-Channel Bodies to V- 

Ali P-Channel Bodies to V+ 

Ag or Ag not used for HI-1828A | 

TO 

N CHANNEL 
SWITCH 


IN SWITCH CELL | 


MULTIPLEXER SWITCH 


FROM DECODE 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


FROM DECODE 
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HI-1818A/1828A 


HI-506/507 


HARRIS = #HI-506/507 


Single 16/Differential 8 Channel 
: CMOS Analog Multiplexers 


Features Description 
@ Low On Resistance (Typ.) ......... 1802 These monolithic CMOS multiplexers each include an array of sixteen analog switches, 
e Wide Analog Signal Range ........ +15V adigital decode circuit for channel selection, a voltage reference for logic thresholds, 


© TTL/CMOS Compatible .. . 2.4V (Logic “1”) and an ENABLE input for device selection when several multiplexers are present. . 


© Access Time (Typ) .........2..+8: 250ns__ The Dielectric Isolation (D!) process used in fabrication of these devices eliminates the 
problem of latch-up. Also, Dl! offers much lower substrate leakage and parasitic capaci- 
tance than conventional junction-isolated CMOS (See Application Note 521). With the 
low ON resistance (1802 typical), this allows low static error, fast channel switching 


© 44V Maximum Power Supply 
® Break-Before-Make Switching 


© No Latch-up rates, and fast settling. 
° Bp paar and The switching threshold for each digital input is established by an internal +5V refer- 


ence, providing a guaranteed minimum 2.4V for “1” and maximum 0.8V for “O”. This 

° . ‘ allows direct interface without pull-up resistors to signals from most logic families: 
Ap P lications CMOS, TTL, DTL.and some PMOS. For protection against transient overvoltage, the 
¢ Data Acquisition Systems digital inputs include a series. 200N«resistor and diode clamp to each supply. 


* Precision Instrumentation The HI-506 is a sixteen channel single-ended multiplexer, and the HI-507 is an eight 


* Demultiplexing channel differential version. Each device is available in a 28 pin Ceramic or Plastic DIP, 

e Selector Switch 28 pad Leadless Chip Carrier (LCC), and 28 pin Plastic Leaded Chip Carrier (PLCC) 
packages. If input overvoltage protection is needed, the HI-546/547 multiplexers are 
recommended. For further information see Application Notes 520 and 521. 


~The HI-506/507 is.offered in both: commercial and military grades. For additional Hi- 
Rel screening including 160 hour burn-in specify the “-8” suffix. For. MIL-STD-883 
compliant parts, request the HI-506/883 or HI-507/883 data sheet. 


Pinouts | a Functional Diagrams 
HI1-506 (CERAMIC DIP) HI1-507 (CERAMIC DIP) 
HI3-506 (PLASTIC DIP) _ HI3-507 (PLASTIC DIP) ane Sun 
TOP VIEW - TOP VIEW | 
+VsuppLy Cj? 28 (D OUT +VSUPPLY : 28 2 OUT A: IN 20x: 


nc (2 27 (J -VsuPPLy OUT B 27 2 -VsupPLy 
nc C3 26 DINB one - 26 D IN BA DECODER, 
IN 16 25 DIN? IN 8B 25 DIN7A DRIVER 
IN 15 24 DING IN 7B ' 24 CIN 6A 
iN 14 23 DINS IN 6B 23 DINSA 
IN 13 22 1 1N4 IN SB 22 DO INGA IN 160 
IN 12 21 O1n3 IN 4B 21 DIN3A 
IN 11 20 D1N2 iN 3B 20 DIN 2A 
in 10 C} 10 19 1N1 IN 2B 19 D INIA 
IN 9 18 (J ENABLE . IN 18 18 2 ENABLE 


17 2) ADDRESS Ap GNO ' 17 1) ADDRESS Ag 
16 () ADDRESS Ay nc 413 16 (2 ADDRESS Ay 
15 L) ADDRESS Ag nc (14 15 [) ADDRESS A2 


“DIGITAL INPUT 


ADDRESS AQ PROTECTION 


HI4~506.(CERAMIC LCC) HI4-507 (CERAMIC LCC) eN 
HI4P506 (PLCC) HI4P507 (PLCC) 
TOP VIEW TOP VIEW ‘noe 
> > = > 
rs & ye BS 7 ey at  « = < 
zegez?2% se 22278 $3 
- ¢ cS ae 
In 15| 8 IN 7B IN7A 
nial in6By & IN GA DECODER/ 
iN 13 IN 5B IN 5A ORIVER 
IN12{ 83 TOP VIEW {22 in4B{ 8t TOP VIEW {22 ] NAA 
iIn11[ 3 IN 3B{ 9 1 | IN3A 
in 10 10 IN 2B] 1¢ IN 2A 
In gTT iN 1B 1 INTA 


“DIGITAL INPUT 
PROTECTION 


Ap Ay Az EN 
Hi-507 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications , HI-506/507 


Absolute Maximum Ratings (Note 1) 


VSUPPLY(-+) tO VSUPPLY(-)- se steer etree teeter ene aes 44V 
VSUPPLY(+) tO GND ....... 6... cece eee cee eee eee eens 22V 
VSUPPLY(-) tO GND...... 6... cee cee reece eee eee een eens 25V 
Digital Input Overvoltage 
AN ENG TNA oot eerie rt te niet eene ses +VSUPPLY +t4V 
SVEN HVA leased tas ace tL Ming bh gees wa ete anise -VSUPPLY ~4V 


or 20mA, whichever occurs first 
Analog Signal Overvoltage (Note 7) 
PNA ceguas taote tien Mate seh neo eae ee eter +VsSuUPPLY +2V 
PM CY sachin win Resets ay Maha tie On CORN eK pare wee a ae ee -VSUPPLY ~2V 


Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V; 
VAL (Logic Level Low) = 


PARAMETER TEMP. 


ANALOG CHANNEL CHARACTERISTICS 


*Vs, Analog *Vg, Analog SignalRanget—~™S Range 
“RON, On Resistance (Note 2) 


ARON, (Any Two Channels) 
*Is (OFF), Off Input Leakage Current (Note 3) 


“ID (OFF), Off Output Leakage Current (Note 3) 
HI-506 
HI-507 
*ID (ON), On Channel Leakage Current (Note 3) 
HI-506 
HI-507 
*“IDIFF. Differential Off Output Leakage Current 
(HI-507 Only) 


DIGITAL INPUT CHARACTERISTICS 
“VAL, Input Low Threshold 

“VAH,, Input High Threshold 

“la. Input Leakage Current (High or Low) (Note 4) 
SWITCHING CHARACTERISTICS 


“ta, Access Time 


*tOPEN, Break-Before-Make Delay 
“tON (EN), Enable Delay (ON) 


“tOFF (EN), Enable Delay (OFF) 


Settling Time (0.1%) 
(0.01%) 

“Off Isolation” (Note 5) 

Cs (OFF), Channel Input Capacitance 

CD (OFF), Channel Output Capacitance HI-506 
HI-507 

Ca, Digital Input Capacitance 

CDS (OFF), Input to Output Capacitance 


POWER REQUIREMENTS 


*|+, Current, Pin 1 (Note 6) 
*|-, Current Pin 27 (Note 6) 


*400% tested for Dash 8. Leakage currents not tested at —55°C. 


Nels 
. Absolute maximum ratings are limiting values, applied individually, be- 

yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Vout = £10V, lout = -1mA. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is less than 1nA at 25°C. 


180 
5 
0.03 
0.3 
03 


Full 
Full | +2.4 


Continuous Current, SorD:.. 0.0... 0. cc cee eee eens 20mA 
Peak Current, S or D 
(Pulsed at 1ms, 10% duty cycle max): .......... 0. eee eee 40mA 
Junction Temperature ......... 0c. cece ee eee cee eens +1759C 
Operating Temperature Ranges: 
HI-506/507-2, -8...... 0... cece cee cece eeces -55°C to +125°C 
Ht-500/507-4s. v4 cows etennuanG areca -25°9C to +85°C 
HI=506/50 795 5 cstok cs Shek eae ae eck Ned 0°C to +75°C 
Storage Temperature Range................04. -65°9C to +150°C 


+0.8V. For Test Conditions, consult Performance Characteristics Section. 


eee | HI-506/507 
-4, -5 
na acho ins er 
HI-506 


“ON” 
“ne as ase 


e 


Deterrent tee er x 
IitrrtrirrztrtrrtiagirerexX< 
Trier arte ar ae rrirx 
es i lr sm aes om es a nO 


x Se QS Ses Se Ds Oe Os ee ed el ed ee ee 


HI-507 


“ON” 
CHANNEL 
PAIR 


NONE 


ae 
a 


Lfticeceex|S | 
Serer. | 


IetearmreirEX< 


LITT ITIITLIr- 


5. Ven = 0.8V, Rr = 1K, Cy = 15pF, Vg = 7VRms f = 100kHz. 


6. Ven, Va = OV or 2.4V. 
7. Signal voltage at any analog input or output (S or D) will be clamped to the 


supply rail by internal diodes. Limit the resulting currant as shown under 
absolute maximum ratings. If an overvoltage condition is anticipated 
(analog input exceeds either power supply voltage), the Harris HI-546/ 
547 multiplexers are recommended. 
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HI-506/507 


HI-506/507 


HI-506/507 


Performance Characteristics and Test Circuits 


ON RESISTANCE vs. 


Piles Orentins OP cllied tA rae: vOUpply = 19. ¥, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = 2.4V, VAL = 08 V. 


TEST CIRCUIT 
NO. 1 


ON RESISTANCE | : | 
vs. ANALOG INPUT VOLTAGE, TEMPERATURE NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 


On Resistance (Ohms) 
Normalized Resistance 
(Referred to Value at t15Valts) 


“47 48)—CO9Ct1COt)~Ss«tV2”«=t3s=«<“ SC 


VIN Analog Input(Volts) Supply Voltage (Volts) 


LEAKAGE CURRENT VS. TEMPERATURE 


100nA 


TEST CIRCUIT TEST CIRCUIT 
NO. 2* -  NO.3* 


10nA Off Output 
sae non 
ae SZ = 


Leakage Current 
z 
> 


TEST CIRCUIT 
Off Input . NO. 4* 


icin Current 
ZS 
100pA 


*Two measurements per channel: 
+10 V/-10 V and -10 VW/+10 V. 
(Two measurements per device for I|p(OFF) 
+10 V/-10 V and —10 V/+10 V.) 


Temperature OC 


LOGIC THRESHOLD POWER SUPPLY. 
vs. POWER SUPPLY CURRENT OFF ISOLATION vs. 
VOLTAGE vs. TEMPERATURE. FREQUENCY 
2 SS SO EG GET Ce) Ga 
2 [Se De ee ed ee 
s z Ld +++ = 
= —& pt} aD a Ha = | Baiillt 
3 = 20 ime Eel ee Be et s it = 
: oa a tes i a a Z Cone ac 
é S Aa 8 TM, vom 
Fe = Tei a Soa 1 HH 
5 3 ot +4 ae A 
= . = ee 2S ree i Ol 
os eee em 
te +8 t10 +12 «414 t16 118 120 er -35-15 -5 25 45 65 85 105 125 104 105 106 107 
Power Supply Voltage (Volts) Temperature (°C) Frequency (H2} 
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HI-506/507 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. a = all 


ON CHANNEL CURRENT 
vs. VOLTAGE 


HI-506/507 


+VIN 


+1 —Switch Current (mA) 


0 +2 +4 +6 +8 +10 +12 +414 +16 
Vin — Voltage Across Switch 


TEST CIRCUIT O 415/4+10V 
NO. 6 


SUPPLY CURRENT 
SUPPLY CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY 


\OMQ 


+! —Supply Current, (mA) 


High = 3.5V 
Vag Low = OV 
50% DUTY CYCLE —|Supply 


Toggle Frequency, (Hz) *Similar connection for HI-507 ~15/—10V 
TEST CIRCUIT ver ACCESS TIME 
ACCESS TIME VS. LOGIC LEVEL (HIGH) NO .7 vs. LOGIC LEVEL (HIGH) 


ta —Access Time (ns) 


Logic Level (High). (Volts) *Similar connection for HI-507 


Switching Waveforms 
35V ADDRESS 


DRIVE (Va) 


ny OUTPUT 
| \ 90% 
| ~10V 
| 


ssietenie 


af 


CoE att 


200 NS/DIV 
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HI-506/507 


HI-506/507 


Switching Waveforms (continued) 


TEST CIRCUIT 
NO. 8 | 
BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (tOPEN) _ DELAY(tOPEN) 


+15V 


= INPUT 


i 

2v/DIV Geleses 
ee 

sais dure mir 


3 3.5V ir. , 
ADDRESS 
ov DRIVE (Va). 


OUTPUT A 
EPs, , | 5.0% foe pls 2 1V/DIV 4A 
tOPEN 
100ns/DIV 
*Similar connection for H!-507 
TEST CIRCUIT 
NO. 9 

se ENABLE DELAY toON(EN),tOFF(EN) ENABLE DELAY tON(EN),tOFF(EN) 

sox f— — — — b emnttone SEERESEEER 

, 7 Weide 


| 
90% OUTPUT A 
| 
| ) | 90% 
| 


——> TON(EN) i OFF | 
| | >! (en) e— 
NI 
*Similar connection for HI-507 
Schematic Diagrams : ADDRESS INPUT BUFFER 
LEVER SHIFTER 
+V 
ADDRESS DECODER 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH 


TO NeCHANNEL 
DEVICE OF 
THE SWITCH 


A, ORAY 
A2 OR A? 
AZ0R Aa 


ENABLE 


v- 
meal All N-Channel Bodies to V— 
Delete A3 or A3 Input for H!-507 . All P-Channel Bodies to V+ 


Unless Otherwise Indicated 
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HI-506/507 


TTL REFERENCE CIRCUIT 2 MULTIPLEX SWITCH 


FROM DECODE 


HI-506/507 


FROM DECODE 


Die Characteristics 


Transistor Count ......... cc cee cee cee cee cece ee neees 421 
Die Dimensions ......... 0... c cece eens 129 x 82 mils 
Substrate Potential® ...............0. cece eee -VSUPPLY 
PIOCESS 2s siscn cP awe hws pa aehas CMOS-DI 
Thermal Constants (°C/W) Bia Bic 
Ceramic DIP 51 20 
Ceramic LCC 81 40 


*The substrate appears resistive to the ~VsuPPLy terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsuPPLY potential. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | packAGeE 


HI9PO506-9 ~40°C to +859C 28-Pin SOIC 


HI3-0506-§ 0°C to +75°C 28-Pin Plastic DIP 
Hl1-0506-7 09°C to +75°C + 96 Hr. Burn-in 28-Pin CERDIP 
HISPO506-5 0°C to +759C 28-Pin SOIC 
HI4P0506-5 0°C to +75°C 28-Pin PLCC 
HI1-0506-5 0°C to +75°9C 28-Pin CERDIP 
Hi1-O0506-4 -25°C to +85°C 28-Pin CERDIP 
Hi1-0506-2 -§5°9C to +125°C 28-Pin CERDIP 


HI1 -0507~-4 -259C to +85°C 28-Pin CERDIP 
HI4P0507-5 0°C to +75°9C° 28-Pin PLCC 
HI9P0507-5 0°C to +759C 28-Pin SOIC. 
Hi1-0507-5 0°C to +75°C 28-Pin CERDIP 
 HI3-0507-5 09°C to +75°C 28-Pin Plastic DIP 
HI1-0507-7 0°C to +75°C + 96 Hr. Burn-in 28-Pin CERDIP 
HI9P0507-9 -40°C to +85°C 28-Pin SOIC 
HI1-0507-2 -55°C to +125°C 28-Pin CERDIP 
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@HarRis HI-506A/507A 


Single 16/Differential 8 Channel 


HI-506A/507A 


~.CMOS Analog Multiplexers with Active Overvoltage Protection 


Features 


e Analog Overvoltage Protection... 70Vp-p 


¢ No Channel Interaction During 
' Overvoitage 


¢ ESD Resistant..........:....... >4,000V 
e 44V Maximum Power Supply 

© Fail Safe with Power Loss (No Latch-Up) 
¢ Break-Before-Make Switching 


. Description 


The HI-506A and HI-507A are analog multiplexers with Active Overvoltage 
Protection: Analog input levels may greatly exceed either power supply with- 
out damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even un- 
der fault conditions that would destroy other multiplexers. Analog inputs can 
withstand constant 70. volt peak-to-peak levels and typically survive static 
discharges beyond 4,000 volts. Digital inputs will also sustain continuous 
faults up to 4 volts greater than either supply. In addition, signal sources are 
protected from short circuiting should multiplexer supply loss occur; each 
input presents 1kQ of resistance under this condition. These features make 


# DOAIOT SIO al MANS re vemiasir toeens #15V the HI-506A and HI-507A ideal for use in systems where the analog inputs 
e Access Time (Typical) ............ 500ns originate from external equipment or separately powered circuitry. Both 
¢ Standby Power (Typical).......... 7.5mW _ devices are fabricated with 44 volt dielectrically isolated CMOS technology. 
The HI-506A is a 16 channel. device and the HI-507A is an 8 channel differ- 

7 A ential version. If input overvoltage protection is not needed, the HI-506 and 
Applications HI-507 multiplexers are recommended. For further information see Applica- 


tion Notes 520 and 521. 


Each device is available in a 28 pin Plastic or Ceramic DIP and a 28 pad 
Ceramic LCC package. 


* Data Acquisition 
¢ Industrial Controls 


° Telemetry The HI-506A/507A are offered in both commercial and military grades. Ad- 
ditional Hi-Rel screening including 160 hour burn-in is specified by the 
“~8” suffix. For MIL-STD-883 compliant parts, request the HI-546/883 or 
HI-547/883 data sheets. 

Pinouts Functional Diagrams 


HI1-506A (CERAMIC DIP) 
HI3-506A (PLASTIC DIP) 


HI1-507A (CERAMIC DIP) 
HI3-507A (PLASTIC DIP) 


IN 1O O OUT 


TOP VIEW TOP VIEW 
IN 20 
+VsuppLy Ct 28 1) OUT +VSUPPLY 28 F} OUTA 
nc (2 27 (2 -VsuPPLY OUTB 27 1) -Vsuppry Moranee: 
nc (3 26D ins NC 26 (0 INBA 
inte C14 2,0 IN? IN 8B 25 CUIN7A 
ints C5 240 ING IN 7B 24 D INGA IN 160 
N14 16 23 INS IN 6B 23 DINSA 
in13 C7 22 FING IN 5B 22 D INGA 
ini2 C18 21 0 1N3 IN 4B 21 DO IN3A OVERVOLTAGE 
init C9 20D w2 iN 38 20 D IN2A vad 
in10 (10 191 1N1 IN 2B 19 DIN1A ISOLATION 
INo C11 18 1D ENABLE IN 1B 18 1 ENABLE 
GND (12 17 1 ADDRESS Ag GND 17 1 ADDRESS Ag 
Vaer 113 16 [9 ADDRESS Ay Veer 01.13 16 [2 ADDRESS Ay 
ADDRESS A3 £114 15 (1 ADDRESS A? 15 [ ADDRESS A2 


OOO00 O 
Var Ag Al A2 A3 EN 


HI-506A 
. HI4-506A (CERAMIC LCC) . Hl4-507A (CERAMIC LCC) 
TOP VIEW TOP VIEW IAQ OOUT A 
zo: = 2 IN BAO 
w > - 5 oo f-:) i 5 < S « 
zggF2F 2 zee 75 £2 IN 1BO OOUT B 


eo 


DECODER/ 


{25 In7B{ 3 IN 7A DRIVER 
Bs . IN BBO 
F724 IN GBI & 24] INGA 
es 
123 IN 5B 5h OVERVOLTAGE 
ae = = CLAMP & 
#22 

TOP VIEW 122 in4B{ 8 TOP VIEW Lista SIGNAL 
f21 _1N3B 7 IN3A ISOLATION 
os 2 
£20 IN 2B | 1 inh 
19 IN 18[ 11 9 | INIA 


Vac Ag A; Aa EN 
HI-S07A 


CAUTION:- These devices are sensitive to electrostatic. discharge. Proper iC handling procedures should be followed. 
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Specifications HI-506A/507A 


<< 
Absolute Maximum Ratings (Note 1) ; 
VSUPPLY(+) tO VSUPPLY(-) «esses ttt rete r treet terres 44V Continuous Current, SorD: ............ 2 eee eee ee eee eee 20mA Ye) 
VSUPPLY(+) tO GND ... 22... eee eee cece eee tent eenees 22V Peak Current, S or D > 
VSUPPLY(-) tO GND «7.2... seen eee eee eee 25V (Pulsed at 1ms, 10% duty cycle max): ..........--0200-- 40mA o 
Digital Input Overvoltage Junction Temperature .......... ce ccc cece eee eens +175°9C oO 
AVENS EVA coisa eee ies ce faGeyioe sesh s +VsyupPLy +4V Operating. Temperature Ranges: Te) 
EVERIVEV As dy acin evans tara etted ka ae ae deve -VSUPPLY -4V HI-506A/507A-2, -8.. 0... 0 eee e cena -559C to +1259C le 
or 20mA, whichever occurs first HI-506A/507A-4..... 0.00 cece nce e eee eens -259C to +85°C LL. 
Analog Signal Overvoltage HI-50GA/SO7AW5 ww. cece cece rete eee cece 0°C to +75°C 
ANG ele hed need m aetna Gane waar es ees +VsuPPLY +20V Storage Temperature Range ...............-. -65°C to +150°9C 
VG eile oes reese Semi gad ea aes Reka es -VSUPPLY -20V 


Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; Vrer pin = Open; Vay (Logic Level High) = +4.0V; 
Vat (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 


HI-SOGA/HI-SO7A | HI-SOGA/SO7A TRUTH TABLES 
-2, -8 -4,-5 


PARAMETER , | MIN. | TYP, [MAX.| MIN. | TYP. [MAX.|UNITS| | HI-506A 
—15 


ANALOG CHANNEL CHARACTERISTICS 
“ON” 
A3| Ao] Aq | Ag [EN|CHANNEL 
rababans 


*Vs, Analog Signal Range 
“RON, On Resistance (Note 2) 


*Is (OFF), Off Input Leakage Current (Note 3) 


*ID (OFF), Off Output Leakage Current (Note 3) 
HI-SO6A 
HI-507A 

"ID (OFF), with Input Overvoltage Applied (Note 4) 


*ID (ON), On Channel Leakage Current (Note 3) 
HI-506A 
HI-507A 
IDIFF. Differential Off Output Leakage Current 
(HI-507A Only) 


DIGITAL INPUT CHARACTERISTICS 


“VAL, Input Low Threshold TTL Drive 
*VAH,.Input High Threshold (Note’8) 

VAL MOS Drive (Note 9) 

VAH MOS Drive (Note 9) 

“IA, Input Leakage Current (High or Low) (Note 5) 


SWITCHING CHARACTERISTICS 
“ta, Access Time 


TreTTTATITIrrrrerreeswxX 
TItTtrrrrwTITITtIeoeHee 
DPoIrrerwtrIrraptrtreaztire 
LPie eraser sie ie 
TITTTITTITIITITITITITI.Lt 


HI-507A 


“tOPEN, Break-Before-Make Delay “ON” 
“tON (EN), Enable Delay (ON) CH ANNEL 


*tOFF (EN), Enable Delay (OFF) 


NONE 


Settling Time (0.1%) 
(0.01%) 
“Off Isolation” (Note 6) 
Cs (OFF), Channel Input Capacitance 
CD (OFF), Channel Output Capacitance HI-506A 
HI-507A 


Terres. 
prerzarrx|> 
rrararairxle | 


JOnaan dN = 


Ca, Digital Input Capacitance 
CDS (OFF), Input to Output Capacitance 
POWER REQUIREMENTS 


Pp, Power Dissipation 
“I+, Current Pin 1 (Note 7) 
*I—, Current Pin 27 (Note 7) 


*100% tested for Dash 8. Leakage currents not tested at -55°C. 


NOTES: 
1. Absolute maximum ratings are limiting values, ap- speed measurement in the production test 6. Ven =O8V,Ri = 1K, Cy = 15pF, 
piied individually, beyond which the serviceability environment. Vs = 7VRMS, t = 100:KHz. 
of the circuit may be impaired. Functional opera- 4. Analog Overvoltage = +33 V. 7. VEN, VA = OVor40V. 
tion under any of these conditions is not necessar- 5. Digital input leakage is primarily due tothe clamp 8. To Deeg ees DTL/TTL Circuits, 1 kQ pull-up 
ily implied. diodes (see Schematic). Typical leakage is fess resistors to +5.0 V supply are recommended. 
2. VOUT = +10V, louT = —100 pA than 1 nA at 25°C. 9. VREF = +10V. 


3. Ten nanoamps is the practical lower limit for high 
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| HI-506A/507A 
Performance Characteristics and Test Circuits 


ON RESISTANCE vs. 


"Unless Otherwise Specified: TA = 25°C, VSupply = +15 V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = +4V, VAL = 08 V And VRef = Opens cae j seat : 


-2 
100A 


HI-506A/507A 


ON RESISTANCE NORMALIZED ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE 
= a 


FSIS SEE AES DGS oR SN cas 
se a een (Le 


Normalized on Resistance 
(Referred to Value at +15Volts) 


oe i ee a “5 ot 74+ 99 ~+10=«+11 
Vin - Analog Input (Volts) Supply Voltage - Volts 


LEAKAGE CURRENT VS. TEMPERATURE 


100nA 


LEAKAGE 


2c 
a 
\ 


N 
SS 


Ni 


ON LEAKAGE 
CURRENT 
Ip(ON) 


Leakage Current 


Null 


iN 


NI N | 

Ane | 

Sez 

323\ | ||Mh 
S N 


aoe CURRENT 


N 
NN 


*Two measurements per channel: 
+10 V/-—10 V and —10 V/+10 V. 


(Two measurements per device for Ip(OFF): 
+10 V/-10 V and —10 V/+10 V.) 


ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 


+ + +27 430 
Vin - Analog Input Overvoltage (Volts) 
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HI-506A/507A 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE 


+25°C 


a 


La 
Zz 


1K 10 100K 
Toggle Frequency, Hz 


nl 
K 


ACCESS TIME VS. LOGIC LEVEL (HIGH) 


VREF= OPEN for Logic High Level < 6V 
VREF= Logic High for Logic High Levels>6V 


ta - Access Time (ns) 


9 10 11 #12 #13 «14 «215 
Logic Level (High), Volts 


Switching Waveforms 


VaH=4.0V ADDRESS 


ORIVE (Va) 
~N AH OV 
+ 


OUTPUT 


CIRCUIT 


TEST 
CIRCUIT ON CHANNEL CURRENT 
NO. 6 vs. VOLTAGE 


+15/+10V 


SUPPLY CURRENT ree 
vs. TOGGLE FREQUENCY 


+V 
1N1 


IN2 
*HI-506A ae 
IN16 
our 


ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 
NO. 8 


IN 1 
IN 2 THRU IN15 


Aj 
*HI-506A nic 


8-55 


HI-506A/507A 


_ HI-506A/507A 


oe | HI-506A/507A 
Switching Waveforms (continued). 
TEST 


CIRCUIT 
NO. 9 


BREAK-BEFORE-MAKE 
DELAY (tOPEN) 


Van = 4.0V 


_ | ADDRESS 
DRIVE (Va) 


OUTPUT 


BREAK-BEFORE-MAKE DELAY(tOPEN) 


Pf featur] FY | 


mi 2V/OIV. rs aRaEx 
fio | eon | 
TAF re 
PT [ AY 0.5V/DIV. \ 
et tT WV et TT Oe 


*Similar Connection for HI-507A 


TEST 
CIRCUIT 
NO. 10 


ENABLE DRIVE 


—> ‘ON(EN) I#— | toe 
[el xeny 


Schematic Diagrams 


ENABLE DELAY (tON(EN),tOFF(EN)) 


ADDRESS INPUT BUFFER 


OVERVOLTAGE 
PROTECTION 
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AND LEVEL SHIFTER 


LEVEL 
SHIFTED 
ADDRESS 
TO DECODE 


LEVEL 
SHIFTED 
ADDRESS 
TO DECODE 


HI-506A/507A. 


Schematic Diagrams (continued) 


MULTIPLEX SWITCH 


FROM 
DECODE ~ 


TO P CHANNEL 
DEVICE OF 
THE SWITCH 


TO N CHANNEL 
DEVICE OF 
THE SWITCH 


AZ 0R Aj 


ENABLE 


Delete A3 or A3 V- 
Input for HI-507A 


' Die Characteristics 


Transistor COUNT s dawa.co30 cos howe 54s sue en Sem ene eae 485 
Die Dimensions .............. cece eee aes 159 x 84 mils 
Substrate Potential* .............. 0.0000 e eee -VSUPPLY 
PIOCOSS oe Pune ue Gay ha tater Rees wees CMOS-DI 
Thermal Constants (°C/W) 8ja 8ic 
Ceramic DIP 50 18 
Ceramic LCC 81 40 


*The substrate appears resistive to the -VSUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPLY potential. . 
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HARRIS 


I-508/509 


Single 8/Differential 4 Channel 
CMOS Analog Multiplexers 


HI-508/509 


CAUTION: 


Features 


© Low On Resistance (Typ).......... 
© Wide Analog Signal Range ..... ati 
© TTL/CMOS Compatible ............ 


@ Fast ACCESS ......... cece ewe eens 
e Fast Settling (0.01%) ............ 
e 44V Maximum Power Supply 

° Break-Before-Make Switching 

e No Latch-Up 


°® Replaces DG508A/DG508AA and 
DG509A/DG509AA 


Applications 


* Data Acquisition Systems 
e Precision Instrumentation 
© Demultiplexing 
e Selector Switch 


Pinouts 
HI1-508 (CERAMIC DIP) 
HI3-508 (PLASTIC DIP) 
TOP VIEW 


+VSUPPLY 
INS 
ING 
IN7 
IN 8 


HI4-508 (CERAMIC LCC) 
HI4P508 (PLCC) 
TOP VIEW 


ENABLE 


ro 
iw 
—s 


8 | GND 


17 | +VSUPPLY 


NC 


Description 


These monolithic CMOS multiplexers each include an array of eight analog switches, a 
digital decode circuit for channel selection, a voltage reference for logic thresholds, and 
an ENABLE input for device selection when several multiplexers are present. 


The Dielectric Isolation (DI) process used in fabrication of these devices eliminates the 
problem of latch-up. Also, DI offers much lower substrate leakage and parasitic 
capacitance than conventional junction-isolated CMOS (see Application Note 521). 
Combined with the low ON resistance (1802 typical), these benefits allow low static 
error, fast channel switching rates, and fast settling. 


Switches are guaranteed to break-before-make, so that two channels are never 
shorted together. 


The switching threshold for each digital input is established by an internal +5V refer- 
ence, providing a guaranteed minimum 2.4V for “1” and maximum 0.8V for “O”. This 
allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series 2002] resistor and a diode clamp to each supply. 


The HI-508 is an eight channel single-ended multiplexer, and the HI-509 is a four. 
channel differential version. Each device is available in a 16 pin Plastic or Ceramic DIP, 
a 20 pin Plastic Leaded Chip Carrier (PLCC) or 20 pad Ceramic Leadless Chip Carrier 
(LCC). If input overvoltage protection is needed, the HI-548/549 multiplexers are 
recommended. 


The HI-508/509 is offered in both commercial and military grades, suitable for space- 
craft/military applications. For additional Hi-Rel screening including 160 hour burn-in, 
specify the “-8” suffix. For further information see Application Notes 520 and 521. For 
MIL-STD-883 compliant parts, request the HI-508/883 or HI-509/883 data sheets. 


Functional Diagrams 
HI1-509 (CERAMIC DIP) 
HI3-509 (PLASTIC DIP) 
TOP VIEW 


ENABLE Cj 2 


-VsuppLy CJ 3 14,3 +VSUPPLY 


“DIGITAL INPUT 


HI4-509 (CERAMIC LCC) PROTECTION 


HI4P509 (PLCC) 


ENABLE 


8 | +VSUPPLY 


IN 1B 


DECODER/ 
NC DRIVER 


“DIGITAL INPUT 
PROTECTION 


These devices are sensitive to electrostatic discharge. Proper !C handling procedures should be followed. 
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Specifications HI-508/509 


Absolute Maximum Ratings (Note 1) 
VSUPPLY(+) !OVSUPPLY(-) - +--+ +02: este terete eet e eee ees 44V 
VSUPPLY(+)tO GND... 20... cece ec ene eee eee een eee 22V 
VSUPPLY(-) tO GND 2.2.0.0... eee eee cnet e eet nee eens 25V 
Digital Input Overvoltage 
EVENS TV A i vondernsueee iets oueaw ee Geese +VSUPPLY +4V 
NEN PV AS ccs des euguecse sce aea wae eed awe -VSUPPLY -4V 


or 20mA, whichever occurs first 
Analog Signal Overvoltage (Note 7) 
PVG saya swith neko athena Pokaan eet Ea +VSUPPLY +2V 
OV Go isis Ri ieem bars Sa deiadaiense Seed ee nae -VSUPPLY -2V 


Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; Vay (Logic-Level High) = +2.4V; 


Continuous Current, SorD:...... 0... ccc cece eee eee eves 20mA 
Peak Current, S or D 
(Pulsed at 1ms, 10% duty cycle max): .............0000. 40mA 
Junction Temperature ........ 0... cc cee eee eee e ene +175°9C 
Operating Temperature Ranges: 
HI-508/509-2,-8 2... ccc ccc seer c ewes ~55°C to +125°9C 
FIl-S08/S09=4: i oe ee date ieevaetesaeiaes -25°C to +85°C 
HIl-508/509-5- so n.08 casi bapa eeeedas tase 0°C to +759C 


Storage Temperature Range ................. -65°C to +150°0C 


VAL (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 


HI-508/HI-509 


an 
ammo (rum in aa St 


ANALOG CHANNEL CHARACTERISTICS 


*Vg, AnalogSignalRange st t—t™*” Analog Signal Range 
*RON. On Resistance (Note 2) 


ARON, Any Two Channels 
“Is (OFF), Off Input Leakage Current (Note 3) 


“ID (OFF), Off Output Leakage Current (Note 3) 
H!-508 
HI-509 
*ID (ON), On Channel Leakage Current (Note 3) 
HI-508 
HI-509 
*IDIFF, Differential Off Output Leakage Current 
(HI-509 Only) 


DIGITAL INPUT CHARACTERIST ICS 

*VAL, Input Low Threshold 

*VAH,, Input High Threshold 

“IA, Input Leakage Current (High or Low) (Note 4) 
SWITCHING CHARACTERISTICS 


“ta, Access Time 


*tOPEN, Break-Before-Make Interval 
*tON (EN), Enable Turn-On 


“tOFF (EN), Enable Turn-Off 


ts, Settling Time to 0.1% 
to 0.01% 

“Off Isolation” (Note 5) 

Cs (OFF), Channel Input Capacitance 

CD (OFF), Channel Output Capacitance HI-508 
HI-509 

Ca, Digital Input Capacitance 

CDS (OFF), Input to Output Capacitance 

POWER REQUIREMENTS 

*!+, Positive Supply Current (Note 6) 


*l-, Negative Supply Current (Note 6)) 
Pp, Power Dissipation 


“100% tested for Dash 8. Leakage currents not tested at -55°C. 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Vout = £10V, lout = -1mA. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is less than 1nA at 25°C. 


HI-508/509 


TRUTH TABLES 
HI-508 


“ON” 
CHANNEL _ 


free ree se | 


ITtrerrirelx 
ONOORWN — 


* “ON ” 
CHANNEL 
PAIR 


NONE 
1 


2 
3 
4 


5. VEN = 0.8V, Ry = 1K, Cy = 15pF, Vs = 7Vpms, f = 100kKHz. Worst case 
isolation occurs on channel 4 due to proximity of the output pins. 

6. Ven, Va = OV or 2.4V. 

7. Signal voltage at any analog input or output (S or D) will be clamped to the 
supply rail by internal diodes. Limit the resulting current as shown under 
absolute maximum ratings. If an overvoltage condition is anticipated (ana- 
log input exceeds either power supply voltage), the Harris HI-548/549 
multiplexers are recommended. 
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HI-508/509 


_HI-508/509 | 
Performance Characteristics and Test Circuits ON RESISTANCE vs. 


Unless Otherwise Specified;.Ta = 25°C, VSupply = +15 V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
VAH = 24 V, VAL = 08 V. 


TEST CIRCUIT 
NO. 1 | 


ON_RESISTANCE 
vs. ANALOG INPUT VOLTAGE, TEMPERATURE 


NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 


On Resistance-Ohms 


Normalized Resistance 
(Referred to Value at +15Volts) 


Vin Analog input(Volts) 
+7 48 490 © t100C ts t02) 13s 14415 
Supply Voltage (Voits) 


LEAKAGE CURRENT VS. TEMPERATURE | 
TEST CIRCUIT TEST CIRCUIT 
NO. 2* NO. 4* 


Nill 


Ni 
4 


Current 
TN 


Leakag 


ae 
cea 


MEE 
or 
an 4a 
a aes 
Daas 
v, 


Off Input 
Leakage Current 
‘ls (Off) 


- a 
Sass ac 
eae 


*Two measurements per channel: 
+10 V/-10 V and —10 V/+10 V. 
(Two measurements per device for Ip(OFF): 


Temperature °C +10 V/-10 V and —10 V/+10 V.) 
LOGIC THRESHOLD | POWER SUPPLY CURRENT OFF ISOLATION vs. 
vs. POWER SUPPLY VOLTAGE | vs. TEMPERATURE FREQUENCY 


3.0 


3 (eas eae (ay a a ce 
s eee ed = | 
1 assess SS aa ee een el man 
3 © S iit 
g cy a OC Ke a SN ee lw 3 CUA Tr 
FE So. fee rd 3 siiiii 
aca = POP rt = BL = 10H 
g a ed a a a = mail 
= a ee Se “ Se nan 
a cape eee FRR (eae ae eae ee ag ieee CIC 
= 2 CPT ren=ov yt z2 | 
eee [ea ete 
See ee eS cm OS BO 
0 Ps LG Ga HEN ER BN! 


+10 +12 14 +16 418 +20 -55-35-15 -5 25 45 65 85 105125 104 105 106 107 


ae Supply Voltage (Volts) Temperature (9C) Frequency (Hz) 
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HI-508/509 


Performance Characteristics and Test Circuits (continued) pa 
ON CHANNEL CURRENT vs. VOLTAGE weer = 
ee CIRCUIT 2 
? =a NO. 5 ON CHANNEL CURRENT Te) 
‘ vs. VOLTAGE am 
: TA = 250C ke 

E 

; Vin - Voltage Across Switch 
SUPPLY CURRENT 
TEST vs. TOGGLE FREQUENCY 


SUPPLY CURRENT vs. TOGGLE FREQUENCY 


+ - Supply Current, mA 


1K 10K 100K 1M 10M 


= —ISUPPLY 
oggle Frequency,Hz 
*Similar connection for H!-509 O -15/—10V 
TEST ACCESS TIME 
. ; CIRCUIT vs. LOGIC LEVEL (HIGH) 
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO. 7 L5V 


+ 
IN 4 
IN 2 THRU IN 7 


AZ 


‘> Va 

E 

i M  HI-508 yg 
z Ao i o, 
< EN “HI-S08 yr 
- GND V- 


VAH - Logic Level (High), Volts 


*Similar connection for H!-509 


Switching Wav 


35y ADDRESS ACCESS TIME 
: DRIVE (Va) 
50% 
ov 
| a 
+10V 
OUTPUT 
, 90% 
| ——— - 10V 
| 
| | 
—+| A je— 


200 NS/DIV 


HI-508/509 


HI-508/509 


Switching Waveforms (continued) 


TEST 
CIRCUIT 
‘NO. 8 


- ADDRESS DRIVE — BREAK-BEFORE-MAKE DELAY (tOPEN) BREAK-BEFORE-MAKE, 
. DELAY(tOPEN) 


3.5V 
V 


ADDRESS 

0 DRIVE (Va) 
Vv 
QUTPUTA *HI-508 ‘'8? 
5 \, F501 . te 
O 
| - 

y 


0% 
| 

—>| }*— 
tOPEN 


*Similar connection for HI-509 


TEST 
CIRCUIT 
ENABLE DRIVE NO. 9 | ENABLE DELAY _ 
t t 
_ENABLE DELAY (toN(EN),tOFF(EN) (tON(EN),tOFF(EN)) 
3.5V sie 
DO ENABLE 
| a A_ iow. 
wv IN 1 O +10V 


IN 2 
THRU 
IN 8 


—>} TON(EN) J¢— 1 t ‘| 
| —l (en) le— “VA 


*Similar connection for HI-509 


Schematic Diagrams 


ADDRESS INPUT BUFFER 
ADDRESS DECODER _ LEVER SHIFTER 


TO P-CHAN. 
DEVICE OF 
THE SWITCH 


TO N-CHAN. 
DEVICE OF 
THE SWITCH 


A20R A2 


ENABLE 


O 
v 


Delete Ag or Ag All N-Channel Bodies to V- 
Input for HI-509 All P-Channel Bodies to V+ Unless Otherwise Indicated 


HI-508/509 


Schematic Diagrams (continued) 


TTL REFERENCE CIRCUIT MULTIPLEX SWITCH 


FROM OECODE 


oO 
eo) 
uf) 
~ 
oO 
eo) 
ni 
- 


FROM DECODE 


Applications 


32 CHANNEL BUFFERED MULTIPLEXER *HI-508 
CHANNEL 
10 


8 © 


90 


160 


17Q 


24 O- 


250 
200 


Oreeceeed OI 


320 | O 
OUTPUT 


15pF 


OOO OO O 
Ao Ay A2 A3 Ag SYSTEM ENABLE 
AS ey 


CHANNEL SELECT 
*Optional; Provides Greater Isolation for AC Signals. 
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HI-508/509 | 


| HI-508/509 
Applications (continued) 
ONE OF 8 DECODER 


ACTIVE LOW oo ACTIVE HIGH 
+5V +5V 


Die Characteristics 


Transistor Count  g 6i2454 Heer id ae wees daa Fees ee es 243 
Die Dimensions ............0c cece eee ees 81.9 x 90.2 mils 
Substrate Potential* ................ eee eee -VSUPPLY 
PIOCOSS St vas Ga cae ew Vase mune einen cents oot CMOS-DI 
Thermal Constants (°C/W) Gia Gc 
Ceramic DIP . 110 41 
Plastic DIP 80 31 
Ceramic LCC a 82 24 


*The substrate appears resistive to the -Vgupp_y terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 


at -VsuppLy potential. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | opackace | | 


Hi1-0508-5 0°C to +759C 16-Pin CERDIP 


HI3-0508-5 0°C to +75°9C 16-Pin Plastic DIP 
HI1-0508-4 -25°9C to +85°C 16-Pin CERDIP 
Hii1-0508-2 ~559C to +1259C 16-Pin CERDIP 
HI4P0508-5 0°C to +75°C 20-Pin PLCC 
HI1-0508-7 0°C to +75°C + 96 Hr. Burn-in 16-Pin CERDIP 
HISPO508-9 -40°C to +85°9C 16-Pin SOIC 


16-Pin SOIC 
16-Pin CERDIP 


09°C to +759C 
~25°9C to +85°9C 


HISPO508-5 
HI1-0509-4 


HI1-0509-5 0°C to +75°C 16-Pin CERDIP 
HI3-0509-5, 0°C to +75°C 16-Pin Plastic DIP 
HI4P0509-5 0°C to +75°C 20-Pin PLCC 
HI1-0509-2 -55°9C to +125°C 16-Pin CERDIP 


HI1-0509-7 0°C to +75°C + 96 Hr. Burn-In 16-Pin CERDIP 


8-64 


at HARRIS 


Features 


e Analog Overvolitage Protection :.. 70Vp-p 


¢ No Channel Interaction During 
Overvoltage 


e ESD Resistant 

e 44V Maximum Power Supply 

¢ Fail Safe with Power Loss (No Latch-Up) 
° Break-Before-Make Switching 

® Analog Signal Range 

© Access Time (Typical) 

° Standby Power (Typical) ......... 7.5mW 


Applications 


° Data Acquisition 
e Industrial Controls 
® Telemetry 


Pinouts 
HI1-508A (CERAMIC DIP) 
HI3-508A (PLASTIC DIP) 
TOP VIEW 


ENABLE CJ 2 
-VsuppLy CJ 3 


HI4-S08A (CERAMIC LCC) 


ENABLE 


GND 
+VSUPPLY 
NC 


I-508A/509A 


Single 8/Differential 4 Channel CMOS Analog 
Multiplexers with Active Overvoltage Protection 


Description 


The HI-508A and HI-509A are analog multiplexers with Active Overvoltage Protection. 
Analog input levels may greatly exceed either power supply without damaging the de- 
vice or disturbing the signal path of other channels. Active protection circuitry assures 
that signal fidelity is maintained even under fault conditions that would destroy other 
multiplexers. Analog inputs can withstand constant 70 volt peak-to-peak levels and 
typically survive static discharges beyond 4,000 volts. Digital inputs will also sustain 
continuous faults up to 4 volts greater than either supply. In addition, signal Sources are 
protected from short circuiting should multiplexer supply loss occur; each input pre- 
sents 1kQ of resistance under this condition. These features make the HI-508A and 
HI-509A ideal for use in systems where the analog inputs originate from external 
equipment or separately powered circuitry. Both devices are fabricated with 44 volt 
dielectrically isolated CMOS technology. The HI-508A is an 8 channel device and the 
HI-509 is a 4 channel differential version. If input overvoltage protection is not needed, 
the HI-508 and HI-509 multiplexers are recommended. For further information see 
Application Notes 520 and 521. 


Each device is available in a 16 pin Plastic or Ceramic DIP and a 20 pad Ceramic LCC 
package. 


The HI-508A/509A are offered in both commercial and military grades. Additional Hi- 
Rel screening including 160 hour burn-in is specified by the “-8” suffix. For MIL-STD- 
883 compliant parts, request the HI-548/883 or HI-549/883 data sheets. 


Functional Diagrams 


HI1-509A (CERAMIC DIP) 
HI3-509A (PLASTIC DIP) 
TOP VIEW 


Al 
es DECODER/ 
ENABLE C] 2 GND ad 
-VsuppLy Cj 3 +VSUPPLY 
IN 1B 
IN 2B 
IN 3B 
ae OVERVOLTAGE 
OUTB CLAMP & 


SIGNAL 
ISOLATION 


“DIGITAL INPUT PROTECTION 
HIl4-509A (CERAMIC LCC) 


OOO O 
Ag Ay A2 EN 
HI-508A 


ENABLE 


cc 
iw 
e— 


+VSUPPLY 
IN 1B 
NC 


DECODER/ 
DRIVER 


OVERVOLTAGE 
CLAMP & 
SIGNAL 
ISOLATION 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-508A/509A 


Specifications HI-508A/509A 


Absolute Maximum Ratings (Note 1) 

VSUPPLY(+) tOVSUPPLY(-) «++ seer eee e eee e eet e eee eens 44V 

VSUPPLY(+) tO GND .... 2... eee eee eee cece eee nets 22V 

VSUPPLY(-) toGND .........-. eee eee e ete erence eens 25V 

Digital Input Overvoltage 
PVEROEV Acces cats earstear et bai iewe hae gat +VsSuUPPLY +4V 
“VEN OVA <6 Serena se atetisdeveiasnesoeains -VSUPPLY ~4V 


or 20mA, whichever occurs first 
Analog Signal Overvoltage (Note 7) 
| +VSUPPLY +20V 
-VSUPPLY ~20V 


Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; Vay (Logic Level High) = +4.0V; 
Vat (Logic Level Low) 


HI-508A/HI-509A 
-8 


=2, 
PARAMETER 
ANALOG CHANNEL CHARACTERISTICS 


“Vs, Analog Signal Range 
*RON, On Resistance (Note 2) 


‘lS (OFF), Off Input Leakage Current (Note 3) 


"ID (OFF), Off Output Leakage Current (Note 3) 
HI-508A 
HI-509A 

*ID(OFF) with Input Overvoltage Applied (Note 4) 


*ID (ON), On Channel Leakage Current (Note 3) 

HI-508A 
HI-509A 

IDIFF, Differential Off Output Leakage Current 

(HI-509A Only) 

DIGITAL INPUT CHARACTERISTICS 

*VAL, Input Low Threshold 

*VAH,; Input High Threshold 

“IA, Input Leakage Current (High or Low) (Note 5) 

SWITCHING CHARACTERISTICS 

“ta, Access Time 


(Note 8) 


“tOPEN, Break-Before-Make Delay 
“tON (EN), Enable Delay (ON) 


“tOFF (EN), Enable Delay (OFF) 


Settling Time (0.1%) 
(0.01%) 

“OFF Isolation” (Note 6) 

Cs (OFF), Channel Input Capacitance 

CD (OFF), Channe! Output Capacitance HI-508A 
HI-509A 

Ca, Digital Input Capacitance 

, Input to Output Capacitance 


POWER REQUIREMENTS 


Pp, Power Dissipation 
“I+, Current (Note 7) 
*|-, Current (Note 7) 


100% tested for Dash 8. Leakage currents not tested at -55°C. 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. VOUT = £10V, lout = -100pA. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Analog Overvoltage = +33V. 


Continuous Current,S orD:............0. 0.0... eee eee eee 20mA 


Peak Current, S or D 

(Pulsed at 1ms, 10% duty cycle max): ...............6.- 40mA 
Junction Temperature ............0. cece cece eee eeeees +175°C 
Operating Temperature Ranges: 

HI-508A/SO9A-2, -8.. 0.6... eee cee ees -55°C to +125°C 
~ HI-508A/509A-4 .... 0... ccc cece eee ees -25°9C to +85°C 

HI-SOBA/5OQAKNH5 . 1. cee eee eee 0°C to +75°C 
Storage Temperature Range ................. -659C to +150°C 


wn 


ad 


ON 
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= +0.8V. For Test Conditions, consult Performance Characteristics Section. 


HI-508A/509A 


TRUTH TABLES 


HI-508A 


“ON ” 
= “eo = ~CHANNEL 


NONE 


Trrirrerr.e 
Zaorrtwirrx< 
Inrertreririnrex< 


Cae a ed ae KH RS DS ped 
ONOoOBWND— 


HI-509A 


“ON” 
CHANNEL 
PAIR 


Boag 


L 
H 
H 
H 
H 


Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is less than 1nA at 25°C. 

VEN = 0.8V, Ry. = 1K, Cy = 15pF, Vg = 7V_ws, f = 100kHz. Worst Case 
isolation occurs on channel 4 due to proximity of the output pins. 

Ven, Va = OV or 4.0V. 

To drive from DTL/TTL Circuits, 1kQ pull-up resistors to +5.0V supply are 
recommended. 


HI-508A/509A 


Performance Characteristics and Test Circuits ON RESISTANCE vs. 3 
Unless Otherwise Specified TA = 25°C, VSupply = +15 V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE vo) 
VAH = +4V, VAL = 08V ~100 MA =i 
: <x 
TEST CIRCUIT ORL: co 
NO. 1 Oth: (| SS Oo 
” 
IN a 
OUT < 
VIN 
ON RESISTANCE NORMALIZED ON RESISTANCE:: 


vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE . 


Normalized on Resistance 
(Referred to Value at +15Volts) 


“36 #47298 09 910 tN) 412913 1dS 


Supply Voltage - Volts 


LEAKAGE CURRENT VS. TEMPERATURE 


100nA p— 


TEST CIRCUIT 
NO. 3* 


OO 
3 
< 


LEAKAGE 


ON LEAKAGE 
CURRENT 
Ip(ON) 


1nA 


Leakage Current 


TEST CIRCUIT 


NO. 4* “Two measurements per channel: 
: +10 V/—10 V and -—10 V/+10 V. 
(Two measurements per device for Ip(OFF): 
+10 V/-10 V and —10 V/+10 V.) . 


\ OFF INPUT 
LEAKAGE CURRENT 
Is (OFF) 


100pA |, 


Temperature -°C 


ANALOG INPUT TEST CIRCUIT 
NO. 5 


ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 


(1yqy) Analog Input Current (mA) 


150418421 4240427 430 433 436 
Vin - Analog Input Overvoltage (Volts) 
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HI-508A/509A 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT Oi GHMNED CURRENT 
414, | 3 
ete ete es vs. VOLTAGE 
£10 ED aia 
Bi oe eM 
& 16 
= 
< if 


VIN - - Voltage Across Switch 


+15/+10V 


SUPPLY CURRENT (A) +surety 


st a CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY 
: 
E 
= 4 { 
+ 2 = 
re 37 
ee Val = 08V 
0 EE Pe Ree 50% DUTY CYCLE 
1K 10K 100K 1M 10M 
Pougle\erequency (2 *Similar connection for HI-509A U -15/-10V 
TEST CIRCUIT ACCESS TIME 
ACCESS TIME. VS. LOGIC LEVEL (HIGH) NO.8 vs. LOGIC LEVEL (HIGH) 


IN 2 THRU IN 7 F 


*HI-508A 


ta - Access Time (ns) 


3 4 5 6 7 8 § 10 11 #12 13 #14 «15 
Logic Level (High), Volts . *Similar connection for HI-509A 


Switching Waveforms | ACCESS TIME 


VAH = 4.0 ADDRESS 


DRIVE (Va) 
1} 
50% ov 
| 
+10V 
oe ae ise ie ae 
py See on 
| | “ OUTPUT A _ff 
| 5V/DIV. 
| 
—+| A le— 


CHRP YE 


200ns/Div. 
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Switching Waveforms (continued) 


TEST CIRCUIT 
NO. 9 


BREAK-BEFORE-MAKE DELAY (tOPEN) 


VAH= 4.0 BREAK-BEFORE-MAKE DELAY(tOPEN) = = Fe 
2V/DIV. 
: Ne CHEE EEE 
A 
fn pi IAS ‘SV/OWV. \f- 
iV; | 
‘Pen Pt tT Wid | | ye 
ues ee eh ee 
*Similar connection for HI-509A pues 
= a al ENABLE DELAY ((ON(EN) LOFF(EN)) 
ENABLE DRIVE BLE DELAY Sage eee ee 
VaH= 4.0 tees VONIEN OFFEND ez ae eee 
50% ea eS ae ny. ieee 
| | iv pppoe 
ape ee Tere 
| | % 
— tONtEN) e— ! tore ! - 
t jh (En 


*Similar connection for H!-509A 


Schematic Diagrams 


TTL REFERENCE CIRCUIT 


ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 


me eee ee we we ee we ee ww ol 


2 
o 
L 


I a as eae Raab mk cea nee le a eae Sad as ce meses 
I vs 
Ae er 20 eee a ye ee ed 
i 1 LEVEL 
; SHIFTED 
p ADDRESS 
GVERMOETARE nae) he OL 1 To pEcoDE 
poeieopc i i | 
Vv 
- nee : R6 R8 1 LEVEL 
7 eee) Ne. " SHIFTED 
R1 1] 4 4 | TROEEDOE 
IN. 120092 i ae ee aa a6 7 | Te 7 | Al a ’ 
ZN 
DI : l y 
: v- , Ll GND . | 
BS a I A a ha a ee ee ii aca cnslei inaecs eidy oB IR ae a a ieee tesa! | 


< 
D 
© 
nl 
< 
oO 
° 
ws 
r 


-HI-508A/509A 


_ HI-508A/509A 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH PAIR: 


TO N-CHANNEL 
DEVICE OF 
THE SWITCH PAIR 


A2 OR Az 


ENABLE 


FROM 
DECODE 


V, 


FROM 
DECODE >: 


Die Characteristics 


Transistor. Count 62 <6. s.dicciwer eda ds Sexe nese teaeee 253 = *The substrate appears resistive to the -VsyppLy terminal, therefore it may 
‘Die Dimensions 108 x 83 mils be left floating (Insulating Die Mount) or it may be mounted on a conductor 
Sie cd as aes aaa at -Veuppiy-potential 
Substrate Potential* .................00 ee eee -VSUPPLY 
PIOCOSS i265 shinee sided eee gas bananas CMOS-DI 
Thermal Constants (°C/W) Bia Bic 
Ceramic DIP 104 — 35 
Plastic DIP 75 23 
Ceramic LCC | 76 19 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | packace 


HI1-508A-5 0°C to +75°C 16-Pin CERDIP 
HI3-508A-5 0°C to +759C 16-Pin Plastic DIP 
-25°C to +85°C 16-Pin CERDIP 
Hi1-508A-2 -55°C to +1259C 16-Pin CERDIP 
0°C to +75°C 20-Pin PLCC 


HI1-508A-7 0°C to +75°C + 96 Hr. Burn-in 16-Pin CERDIP 


~25°C to +85°C 16-Pin CERDIP 
HIH1-509A-5 . 0°C to +75°C 16-Pin CERDIP 
HI3-509A-5 -0°C to +75°C 16-Pin Plastic DIP 
0°C to +759C 20-Pin PLCC 
HI1-509A-2 -550C to +125°C 16-Pin CERDIP 
HI1-509A-7 0°C to +75°C + 96 Hr. Burn-In 16-Pin CERDIP 
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Gt HARRIS HI-516 


16 Channel/Differential 8 Channel 
CMOS High Speed Analog Multiplexer 


Hi-516 


Features Description 
® Access Time (Typical) ...............seceeees 130ns) = The HI-516 is a monolithic dielectrically isolated, high 
© Settling Time (0.1%) ......... cece cece 250ns__s speed, high performance CMOS analog multiplexer. It 
e Low Leakage (Typical) offers unique built-in channel selection decoding plus an 
PIG(OFF) 2.0.0: cccscccscencsccccecccrcrecceas 10pA inhibit input for disabling all channels. The dual function 
> IDp(OFF) eee ee 30pA of address input A3 enables the HI-516 to be user pro- 
e Low Capacitance (Max) grammed either as a single ended 16-channel multiplexer 
PCGOFP) sawae eateaaane ski dedanasatauwecne 10pF by connecting ‘out A’ to ‘out B’ and using A3 as a digital 
» CO(OFF) ...--. eee e cece cece eee e eee cere ence 25pF address input, or as an 8-channel differential multiplexer 
¢ High Off Isolation at S0OkHz (Min) ............. 55dB by connecting A3 to the V- supply. The substrate leakages 
@ Low Charge Injection Error ................65. 20mV_ and parasitic capacitances are reduced substantially by 
¢ Single Ended to Differential Selectable (SDS) using the Harris Dielectric Isolation process to achieve 
* Logic Level Selectable (LLS) optimum performance in both high and low level signal 
applications. The low output leakage current (IDOFF < 
Applications 100pA at 25°C) and fast settling (tsETTLE = 800ns to 
© Data Acquisition Systems 0.01%) characteristics of the device make it an ideal 


choice for high speed data acquisition systems, precision 
instrumentation, and industrial process control. 


© Precision Instrumentation 
e Industrial Control 


The HI-516 is available in 28 pin Ceramic or Plastic DIPs 
or in 28 pin Ceramic LCC or PLCC packages. For Mil-Std- 
883 compliant parts, request the HI-516/883 data sheet. 


Pinouts Functional Diagram 
CERAMIC/PLASTIC DIP LCC/PLCC Vpp/LLS 
TOP VIEW TOP VIEW 
$ [— PE ta ee ey aa Sac i ae en — os 
3 | 
2 -@ <¢ & | 
z23s2a32 EN - 
v+(1 2800 OUTA Ao DE- 
outs o2 2700 Vv. if - : cen CODER 
nega zeHiineea = 'N 15/78 IRE a | | 
IN 18/88 14 25D)IN7/7A ~—sN'14/6B | 8 74 | IN G/GA A2 Rehld 
IN 15/78 15 240 ING/EA Wy 13/58 73 | IN 5/5A A3 : 
IN 14/88 C16 23D INSA ag Ps = alan 
IN 13/68 7 22 18 4/4A - = A 
IN 12/4B 318 IN3/3A IN 11/38 21] IN 3/3A BE 
IN 11/38 49 20 IN 2/2A IN 10/28 { 10 “IN 2/2A CODE 


IN 9/1B | 11 IN /1A 


Vop/LLs C13 16CAq © 
Az/SDS 14 1S Ag 


DE- 
CODER 


ed 


INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-516 


Specifications HI-516 


Absolute Maximum Ratings (Note 1) 


Voltage Between Supply PINS ..........cc cc ceesccserseeceeeeeeeeee 33V CMOS Levels Selected (Vpp/LLS Pin = Vpp) 
- Analog Input Voltage — . PM Aecscaauateiivats vangnsccapinianuaonataiveciaaneevensivaeds +VSUPPLY t2V 

HN END ou cctecg secea babs cataniesfectoeny ates eee castes +VSUPPLY t2V WY Pa eaclaida ett sins does tae dusuhiy Nulssec ety sa aaincvedesth tac dasueetratcures -2V 
MV ENE cc cdctancdev eran len sits sasea enters oe tesaug teat -VSUPPLY -2V__ Junction Temperature (Ma&X)..........:ccccsceeeseeeeeeees 175°C 

Digital Input Voltage Operating Temperature Ranges: 
TTL Levels Selected (Vpp/LLS Pin = GND or Open) FAO 1022558 ci ssteiscancsceenivevedeeentienureneeinnas -559C to +1259C 
ON Pe cease Peace al cia las cise tua abeiiucadanialen cise tia +6V PUl=8 16-62 oGecestttnsvassitenssmeeaaatGoren aren 09C to +759C 
PW Ac sx saccttage cut ehune vty Boch veg ciaduawasnesaesasacansoneesen aise ivocduuleiaties -6V Storage Temperature Range................... -659C to +150°0C 
FAB SDS wessusvcsestaccbesstverisiadevantidececewaens +VSUPPLY t2V . 
SAB DO Levcites ea cnncsastvsseeevanceas ox auaaranyiates -VSUPPLY -2V 


Electrical Specifications (Unless otherwise specified) Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +0.8V; Vpp/LLS = GND. (Note 2) 


ANALOG CHANNEL CHARACTERISTICS 


VIN, Analog Signal Range (Note 3) 
Ron, On Resistance (Note 4) 


Ig (OFF), Off Input Leakage Current 


Ip(OFF), Off Output Leakage Current 


Ip(ON), On Channel Leakage Current 


DIGITAL INPUT CHARACTERISTICS 
Vat Input Low Threshold (TTL) 
Vau Input High Threshold (TTL) 
VAL Input Low Threshold (CMOS) 
Vay Input High Threshold (CMOS) 
IAH Input Leakage Current (High) 
IAL Current{Low) 
SWITCHING CHARACTERSSTICS 


ta, Access Time 


tOPEN, Break before make delay 
ton(EN), Enable Delay (ON) 
toFF(EN), Enable Delay (OFF) 
Settling Time (0.1%) 

(0.01%) 
Charge Injection Error (Note 5) 
Off Isolation (Note 6) | 
Cs(OFF), Channet Input Capacitance. 
Cp(OFF), Channel Output Capacitance 
Ca, Digital Input Capacitance: 
Cps(OFF), Input to Output Capacitance 
POWER REQUIREMENTS 
PD, Power Dissipation 
I+ Current (Note 7) 
I-, Current (Note 7) 


NOTES: 1. Absolute maximum ratings are limiting values, applied indi- 4. VIN = £10V, IOUT = -100HA 

vidually, beyond which the serviceability of the circuitmaybeim- — 5. Vin = OV, CL = 100pF, Enable input pulse = 3V, f = 500kHz. 
paired. Functional operation under any of these conditions is not 6. VEN = 0.8V, Vs = 3VRMS, f = 500kHz, CL = 40pF, RL = 1K, 
necessarily implied. Pin 3 grounded. 

2. VDD/LLS pin = open or grounded for TTL compatibility. 7. VEN = +2.4V 
VDD/LLS pin = VDD for CMOS Compatibility , 

3. At temperatures above 90°C, care must be taken to fassure VIN 
remains at least 1.0V below the VSUPPLY for proper operation. 
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HI-516 
TRUTH TABLES 


Hi-516 USED AS A 16-CHANNEL MULTIPLEXER OR H1~516 USED AS A DIFFERENTIAL 
8 CHANNEL DIFFERENTIAL MULTIPLEXER * 8-CHANNEL MULTIPLEXER 


USE A3 AS DIGITAL 
ADDRESS INPUT ON CHANNEL TO 


A3 CONNECT TO V~ SUPPLY | ON CHANNEL TO 


NO 
wo 


Bae! 
| 8 


ow 
oo 


~ 
Loo] 


oo 
wo 


co ~ oa on > w NO 
> 
ive) 


Die Characteristics 


MEATISISION- COUNT aia crest tetes eat lied ed oncteens aaee tends 647 
Die Dimension...........cccceescsesstseeeseseeseseees 89 x 146 mils 
Substrate Potential” cscs cede atiethoins -VSUPPLY 
PROCES Soci aticsdden artes aayeoe ioecies aria ee ou teats CMOS-DI 
Thermal Constants (9C/W) bia Bic 
Ceramic DIP 50 18 
Ceramic LCC 81 40 


*The substrate appears resistive to the -Vgyppry terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon- 


* For 16-Channel single—ended function, tie ‘out A’ to : 
ductor at -Vsypp_y potential. 


‘out B’, for dual 8-channel function use the Ag address 
pin to select between MUX A and MUX B, where MUX A 
is selected with A3 low. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


HI4P0516-5 0°C to +75°C 28-Pin PLCC 


HI3-0516-5 0°C to +759C 28-Pin Plastic DIP 
HI1-0516-5 0°C to +75°C 28-Pin CERDIP 
HI1-0516-2 ~§5°9C to +125°9C 28-Pin CERDIP 
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HI-516 


HI-576 


Performance Characteristics and Test Circuits 


TEST CIRCUIT NO. 1 TEST CIRCUIT NO. 2* 
ON RESISTANCE vs. INPUT SIGNAL LEVEL 


IOUT 100UA 


+10 


+10V 


ei 


TEST CIRCUIT NO. 5 
ACCESS TIME 


35y ADDRESS 


ee 
, -8V 
| | ~10V 


—+| A | 


*Two measurements per channel: +10V/-10V and -10V/+10V. 
(Two measurements per device for Ip(QFF): +10V/-10V and -10V/+10V) 
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HI-516 


Performance Characteristics and Test Circuits (Continued) 2 
TEST CIRCUIT NO. 6 BY 
Tr 
ENABLE DRIVE BREAK-BEFORE MAKE DELAY (topeNn) 
+15V 


3.5V 
V 


ADORESS 
0 DRIVE (Va) 
OUTPUT A 
50% 50% 
Vi 


—-?| «— 
'OPEN 
TEST CIRCUIT NO. 7 
ENABLE DRIVE ENABLE DELAY (tON(EN), tOFF(EN)) ; 
3.5V 
| 


90% *  QUTPUT A 
| 
ft Ke 


| 
—»> 'ON(EN @— =! tore 
l —*! (EN) I+ 


TEST CIRCUIT NO. 8 
CHARGE INJECTION TEST CIRCUIT 


CL = 100pF 


Ve 


GND Vpp/LLS 


t-- 


AVg IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS Q = CX AVg. 
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HI-518 


Ww HARRIS HI-518 


8 Channel/Differential 
4 Channel CMOS High Speed Analog Multiplexer 


Features Applications 
© Access Time (Typical) ................-.---+- 130ns -@ Data Acquisition Systems 
© Settling Time (0.1%) .... 22... pce ee eee 250ns ¢ Precision Instrumentation 


© Low Leakage (Typical) @ Industrial Control 


e Low Capacitance (Max) 


SC a(OPF) sec iaeiiatacoessuewacs even ueuseen 5pF 
BS COlOFE) disk sethocceahduswsaucguswess eveaws 10pF 
¢ High Off Isolation at 500kHz (Min) ............. 45dB 
© Low Charge Injection Error ...........-cceeee: 25mV 


e Single Ended to Differential Selectable (SDS) 
¢ Logic Level Selectable (LLS) 


Description 


The HI-518 is a monolithic dielectrically isolated, high level signal applications. The low output leakage current 
speed, high performance CMOS analog multiplexer. It (IDOFF < 100pA @ +25°C) and fast settling (tSETTLE = 
offers unique built-in channel selection decoding plusan —_gOns to 0.01%) characteristics of the device make it an 
inhibit input for disabling all channels. The dual function —_igeal choice for high speed data acquisition systems, pre- 


of address input Ag enables the HI-518 to be user cision instrumentation, and industrial process control. 
programmed either as a single ended 8-channel multi- 


plexer by connection ‘out A’ to ‘out B’ and using Ag as a ; 
digital address input, or as a 4-channel differential multi- Their rote ss avavlablerimean te lead Ceramic or mastic 


plexer by connecting Ag to V- supply. The substrate  dual-in-line package and a 20 pin LCC or PLCC package. 
leakages and parasitic capacitances are reduced sub- _ tis offered in two operating ranges: -55°C to + 125°C and 
stantially by using the Harris dielectric isolation process 0°C to +759C. For MIL-STD-883 compliant parts, request 
to achieve optimum performance in both high and low _ the HI-518/883 data sheet. 


Pinouts Functional Diagram 
CERAMIC/PLASTIC DIP LCC/PLCC 
TOP VIEW TOP VIEW 


Vpp/LLS 


(N4/4A 


17 | 1N3/3A 


IN2/2A ra 
E 
INT/1A pone 


ENABLE 


-y n 
we 
a] 
24 
oe 


out 


S=2z@2 DECODER 
z : 


A2/SDS 


Vop/LLS 


INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-518 


Absolute Maximum Ratings (Note 1) 
Analog Input Voltage 


ONY ING eroenlec stone ec eaaese ee onratesnl eoiesepeeeanes +VSUPPLY t2V 
mM | Nhsesieidectrcass sediac ovesectensieceteueacne vast iteasuacs -VSUPPLY -2V 


Digital Input Voltage 
TTL Levels Selected (Vpp/LLS Pin = GND or Open) 


EN RS aiasle cai pedeiey dai gte ee tia aie ie Sak ea a ents +6V 
WON Ia os sissuig ev ebaven tu csesinand waits ea tab un cbaec gaktecaauae cal seueesseeamiess -6V 
PAPSDS seers vocscivecctaaton cmnstaeesavertniosnnaewss +*VSUPPLY t2V 
PO) SDS fas trcevenxi tliat eters edt -VSUPPLY -2V 
Voltage Between Supply PINS .............cccceccccceceeeeeseneeees 33V 


CMOS Levels Selected (Vpp/LLS Pin = Vpp) 


OM We sscciscdaisdpunsteeseatanansiegodssanuiautnansddavateanen’ +VSUPPLY t2V 

ON AA sca vitcca saad ered ocatcalavaes deoege teiyadant ue te vette edaseds eoigniniatnels -2V 
Operating Temperature Ranges 

| eo bo is gato ener ener eer ner Pence eee -559C to +1250C 

a eee = to en eon ee terre ie nae nee Pepe ea 0°C to +759C 
Storage Temperature Range .................. -659C to +150°C 
Junction Temperature (Max)...........ccccccesssssteeeeeereeres 1750C 


Electrical Specifications (Unless Otherwise Specified) Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +0.8V; Vpp/LLS = GND (Note 2) 


NOTES: 
1. 


ANALOG CHANNEL 
CHARACTERISTICS 


Vin Analog Signal Range (Note 3) 
RON On Resistance (Note 4) 


Is (OFF) Off Input 
Leakage Current 

Ip (OFF) Off Output 
Leakage Current 


Ip (ON) On Channel 
Leakage Current 


DIGITAL INPUT 
CHARACTERISTICS 


VAL Input Low Threshold (TTL) 
VAH Input High Threshold (TTL) 
VAL Input Low Threshold (CMOS) 
VAH Input High Threshold (CMOS) 
IAH Input Leakage Current (High) 
TAL Input Leakage Current (Low) 


SWITCHING CHARACTERISTICS 
ta, Access Time 


tOPEN, Break before make Delay 
ton (EN), Enable Delay (ON) 
toFF (EN), Enable Delay (OFF) 
‘Settling Time (0.1%) 

(0.01%) 


Charge Injection Error (Note 5) 

Off Isolation (Note 6) 

Cs (OFF) Channel Input Capacitance 
Cp (OFF) Channel 

Output Capacitance 

Ca, Digital Input Capacitance 


CDS (OFF) Input to Output 
Capacitance 


POWER REQUIREMENTS 
Pp, Power Dissipation 

i+, Current (Note 7) 

I-, Current (Note 7) 


Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. 

Vpp/LLS Pin = Open or Grounded for TTL compatibility. Vpp/LLS 
pin = Vpp for CMOS compatibility. 

At temperatures above +90°C, care must be taken to assure Vjj re- 
mains at least 1.0V below the Vsupp_y. 
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VIN = £10V, IouT = -100pA. 

Vin = OV, CL = 100pF, Enable Input Pulse = 3V, f = S00kHz. 
C. = 40pF, R,_ = 1k. Due to the pin to pin capacitance between IN 8/4B 
and OUT B channel 8/4B exhibits 60dB of OFF Isolation under the 
above test conditions. 

VEN = 2.4V. 


co 
™ 
uf) 
ale 
L 


HI-518 


HI-518 


Truth Tables 


HI-518 USED AS A 8 CHANNEL MULTIPLEXER OR HI-518 USED AS DIFFERENTIAL 
4 CHANNEL DIFFERENTIAL MULTIPLEXER 4 CHANNEL MULTIPLEXER 


USE Az AS DIGITAL , Aa CONNECT TO 
ADDRESS INPUT ON CHANNEL TO V- SUPPLY ON CHANNEL TO: , 
ENABLE | Ag OUTA OUTB ENABLE | Aq | Ag | OUTA | OUTB~ 


NONE j. NONE 


X 
L 
H 
L 
H 


po a es sO ee a poe be 


—— 
Trt eer titer XK 
Tere DZMrereititirair x 


Performance Characteristics and Test Circuits 


TEST CIRCUIT NO. 1 
ON RESISTANCE vs. INPUT SIGNAL LEVEL . TEST CIRCUIT NO. 2* 


—- louT 100uA 


*Two measurements per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for Ip(OFF): +10V/-10V and -10V/+10V) 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | packaGE 


HI3-0518-5 0°C to +75°C 18-Pin Plastic DIP 


Hi -0518-5 0°C to +75°C ' 18-Pin CERDIP 
HI1-0518-2 -55°C to +1259C 18-Pin CERDIP 
HI4P0518-5 0°C to +759C 20-Pin PLCC 
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HI-578 


Performance Characteristics and Test Circuits (Continued) 


TEST CIRCUIT NO. 3* TEST CIRCUIT NO. 4* 


HI-518 


*Two measurements per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for Ip(OFF): +10V/-10V and -10V/+10V) 


TEST CIRCUIT NO. 5 
ACCESS TIME 


+15V 


3.5y ADDRESS 


V+ 
IN 1 O+10V 


A2/SDS IN 2 THRU 
VA IN7 


+10V 
| Re Basen 
| ay -10V ~T 
: 


r----- 
| 

lal 

| 

| 

L 

° 


TEST CIRCUIT NO. 6 
ENABLE DRIVE BREAK-BEFORE MAKE DELAY (topen) 


+15V 


3.5V 
ADDRESS 
OV DRIVE (Va) 
OUTPUT A 
50% 50% 
iV; 
—+>| ~— 
tOPEN 
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HI-518 


HI-578 


Performance Characteristics and Test Circuits (Continued) 
TEST CIRCUIT NO. 7 
ENABLE DRIVE ENABLE DELAY (ton(EN): tOFF(EN)) 


| 
| 90% OUTPUT A 
| | 90% 
| ‘0 
| 
| 


| 
——> 'ON(EN) l¢— OFF 
| —*! (EN) 


TEST CIRCUIT NO. 8 
CHARGE INJECTION TEST CIRCUIT 


AVg IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS Q = CX AVo. 


Die Characteristics 


THANSIStOR COUR eeecacrscaiertios Aiiictadtdedacctia anon: 356 
Die DIMENSIONS .......... cc ecccccccceeecseseeeessneeeeeeeess 89 x 93 mils 
Substrate Potential®.......... cc eceeeeeeseseeeseeeees -VSUPPLY 
PYOCOSS os sister taaiccoinsevenn cheer crvanivecsesevensa aaveaaeseits CMOS-DI 
Thermal Constants (°C/W) 6ja 6ic 
Ceramic DIP 84 25 
Plastic DIP 81 33 
Ceramic LCC 78 21 


“The substrate appears resistive to the -VgyppLy terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon- 


ductor at -Vsypp_y potential. 
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Gg? HARRIS 


Features 

e Crosstalk (10MHz) 
Fast Access Time 
Fast Settling Time 
TTL Compatible 


Description 


The HI|-524 is a four channel CMOS analog multiplexer 
designed to process single-ended signals with band- 
widths up to 10MHz. The chip includes a 1 of 4 decoder for 
channel selection and an enable input to inhibit all 
channels (chip select). 


Three CMOS transmission gates are used in each 
channel, as compared to the single gate in more conven- 
tional CMOS multiplexers. This’ provides a double barrier 
to the unwanted coupling of signals from each input to the 
output. In addition, Dielectric Isolation (DI!) processing 
helps to insure the Crosstalk is less than -60dB at 10MHz. 


The HI-524 is designed to operate into a wideband buffer 
amplifier such as the Harris HA-2541. The multiplexer 


Pinouts 
CERAMIC/PLASTIC DIP 
TOP VIEW 


SIG GND 
IN 2 


SIG GND 
IN 3 


LCC/PLCC 


SIG GND 
IN 4 


SIG GND 
SIG GND 
IN 4 
SIG GND [7 
INS 


118] FB (OUT) 


117] SIG GND SIG GND 


SIG GND 


bade 
t 
ad 


ra r= 


a J 41! 142! "4 


A4 


SUPPLY GND 


Applications 


e Wideband Switching 
e Radar 

e TV Video 

e ECM 


chip includes two “ON” switches in series, for use as a 
feedback element with the amplifier. This feedback 
resistance matches and tracks the channel Ron 
resistance, to minimize the amplifier Vos and its variation 
with temperature. 


The HI-524 is well suited to the rapid switching of video 
and other wideband signals in telemetry, instrumentation, 
radar and video systems. It is packaged in an 18 pin 


ceramic or plastic DIP and a 20 pin plastic leaded chip 


carrier or a 20 pin ceramic leadless chip carrier and 
operates on +15V supplies. 


For MIL-STD-883 compliant parts, request the H|I-524/883 
data sheet. - 


Functional Diagram 


FB(QUT) 


OUTPUT 
TRUTH TABLE 


1 OF 4 
DECODER 


~ *Channel 1 is shown selected in 
the diagram 


-15V SUP +15V EN 
GND 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-524 


4 Channel Wideband and Video Multiplexer 
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Specifications HIl-524 


Absolute Maximum Ratings (Note 1) Operating Temperature Range 

Voltage Between Supply ..... ci cccccccsscccceesssseseteeeeeeseeees 33V ES 2482728: eisihuaevedis ceo seatcies easteaadeeca evens -559C to +1259C 

Digital Input Voltage: PHS 248s desc pineasipceectsver waeean ade ecaiecan tetas 09C to +759C 
ENE Dis sitscteaadbassetsdsesac ors ahaaccaw teases acyenatansesaandeeiGaaneroncanedien + 6V Storage Temperature Range ................. -659C to +1509C 
BNI, cnc riots ealecone se tuueeasssa icra a eereete nee osaeeste pane a anncennauieas -6V 

Analog Input Voltage 
PVE LIN tia rebels asnavee cectatteegsy todardeanssecansaateandste +VSUPPLY +t2V 
= VIN) siticies caspueaa eh uaaaateinepnccee Seveevnc ett letanes -VSUPPLY -2V 

Either Supply to Ground..u.....ccccccsesecsssseeeeeeeseseees 16.5V 

Junction Temperature (MA&X)..........ccccccccccessseesssreseees 1759C 


Electrical Specifications (Unless otherwise specified) Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, 
VAL = (Logic Level Low) = +0.8V; Ven = +2.4V. 


a a 
-2/-8 


ANALOG CHANNEL SPECIFICATIONS 


Vin, Analog Signal Range 
Ron, On Resistance (Note 2) 


Ig (OFF), Off Input Leakage Current (Note 3) 
'D (OFF), Off Output Leakage Current (Note 3) 
Ip (ON), On Channel Leakage Current (Note 3) 


3dB Bandwidth: (Note 4) 


DIGITAL INPUT SPECIFICATIONS 


VAL Input Low Threshold (TTL) 
VAH Input High Threshold (TTL) 

IAH Input Leakage Current (High) 
AL Current (Low) 


SWITCHING SPECIFICATIONS 


ta, Access Time (Note 5) 
toPEN, Break-Before-Make Delay (Note 5) 
ton (EN), Enable Delay (ON), Ru. = 5000 
torr (EN), Enable Delay (OFF), RL = 5000 
Settling Time (0.1%) (Note 5) 

(0.01%) 
Crosstalk (Note 6) 
Cs(OFF), Channel Input Capacitance 
Cp(OFF), Channel Output Capacitance 
Ca, Digital Input Capacitance 


POWER REQUIREMENTS 


Pp, Power Dissipation 
I+, Current (Note 7) 
I-, Current (Note 7) 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, 5. 6V Step, +3V to +3V, See Test Circuit #5. 
beyond which the serviceability of the circuit may be impaired. Func- 6. Vin = 10MHz, 3Vp-,5 On one channel, with any other channel 
tional operation under any of these conditions is not necessarily selected. (Worst case is channel 3 selected with input on channel 
implied. 4). MUX output is buffered with HA-2541 as shown in Applications 
2. Vin = OV; lout = 100HA section. Terminate ail channels with 752. 
(See Test Circuits #1) 7. Supply currents vary less than 0.5mA for switching rates from DC 
3. Vo =+10V; Vin = £10V to 2MHz. 


(See Test Circuits #2, 3, 4,) 
4. MUX output is buffered with HA-5033 amplifier. 
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Performance Characteristics and Test Circuits Unless otherwise specified Ta = +25°C, 
V = +15V, Vay = 2.4V, Var = 0.8V 
ON RESISTANCE ore a a 


<t 
nN 
at 
r 


TEST CIRCUIT NO. 1 ON RESISTANCE vs. ANALOG INPUT VOLTAGE 
1,000 


900 
800 
Ron (02) 700 


____loyt 100uA 600 
500 
400 


-10 -8 -6 -4 -2 0 2 4 6 8 10 
Vin (VOLTS) 


. ON RESISTANCE vs. SUPPLY VOLTAGE 
1,000 


Ta = +25°C 


00 al 
V2 
R a R .@] 
ON 1O0uA ON (92) 
800 
700 
90 100 10 120 130 140 150 
{VOLTS} 
LEAKAGE CURRENT 
_TEST CIRCUIT NO. 2* | ‘LEAKAGE CURRENT vs. TEMPERATURE 
3 LA 
2 - L J. | J | 
+10V == Lee W 
' V 
| ee ae a A a ae 
LEAKAGE g'7| __| _ eae Sees 
CURRENT 951 eee Rooke 
(Wl) 5a a) a 
an ae 
VY ae 
0.1 f| 
0 2 50 75 100 125 150 
TEMPERATURE (°C} 


“Two measurements per channel: 
+10V/-10V and -10V/+10V 
(Two measurements and per device for Ip(OFF): 
+10V/-10V and -10V/+10V.) 
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H1-524 


Performance Characteristics and Test Circuits (Continued) 


TEST CIRCUIT NO. 5 


SETTLING TIME 
ACCESS TIME 
BREAK-BEFORE-MAKE DELAY™* 


HI-524 


OUTPUT © 
O 


* This test requires channel inputs 1 and 4 at the same level. 
** Capacitor value may be selected to optimize AC performance. 


(Use Differential comparator plug-in on scope for settling time measurement) 


—-— —VAH= 24 


ADDRESS DRIVE {V 
1.6V Val 


Pa a ee ee ep VAL = 0.8V 


ACCESS TIME, ta. 
SETTING TIME, ts 


HA-2541 
OUTPUT 


+0.01% OF F/S 
(OR £0.01%) 


ACCESS TIME 


saeme sc aEe 
= a 
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Applications 


Often it is desirable to buffer the HI-524 output, to avoid 
loading errors due to the channel “ON” resistance: 


HI-524 


HA-2541 


BUFFERED 
7150-S OUTPUT 


* Capacitor value may be selected to optimize AC performance. 


The buffer amplifier should offer sufficient bandwidth and 
slew rate to avoid degradation of the anticipated signals. 
For video switching, the HA-5033 and HA-2542 offer good 
performance plus +100mA output current for driving 
coaxial cables. For general wideband applications, the 
HA-2541 offers the convenience of unity gain stability 


plus 90ns settling (to +£0.1%) and +10V output swing. 
Also, the HI-524 includes a feedback resistance for use 
with the HA-2541. This resistance matches and tracks the 
channel “ON” resistance, to minimize offset voltage due 
to the buffer’s bias currents. 


Note that the on-chip feedback element between pins 16 
and 18 includes two switches in series, to simulate a chan- 
nel resistance. These switches open for Ven = Low. This 
allows two or more HI-524’s to operate into one HA-2541, 
with their feedback elements connected in parallel. Thus, 
only the selected multiplexer provides feedback, and the 
amplifier remains stable. . 


All H!-524 DIP package pins labeled ‘SIG GND’ (pins 3, 4, 
6, 13, 15) should be externally connected to signal ground 
for best crosstalk performance. 


Bypass capacitors (0.1 to 1.0uF) are recommended from 
each HI-524 supply pin to power ground (pins 1-and 17 to 
pin 8 DIP package). Locate the buffer amplifier near the 
HI-524 so the two capacitors may bypass both devices. 


If an analog input 1V or greater is present when supplies 
are off, alow resistance is seen from that input to a supply 
line. (For example, the resistance is approximately 160!) 
for an input of -3V.) Current frow may be blocked by a 
diode in each supply line, or limited by a resistor in series 
with each channel. the best solution, of course, is to 
arrange that no digital or analog inputs are present when 
the power supplies.are.off. 


Die Characteristics 


Transistor Count................... 
Die Dimensions....................- 
Substrate Potential*.............. 


Thermal Constants (°C/W) 
Ceramic DIP 
Plastic DIP 
Ceramic LCC 


siwadenghiiewbedecicaaniisesenwes seeeeeee 099 
sGnaeate meted aetdeais 146 x 88.6 mils 
a puiy geese saachesandeelenise -VSUPPLY 
ita belenguendeiyecereaseum CMOS-DI 

Gia Bic 

81 22 

78 30 

76 19 


*The substrate appears resistive to the -VgyppLy terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon- 


ductor at -VsuppLy potential. 


Ordering Information 


PARTNUMBER | TEMPERATURERANGE | PACKAGE _ 


Hi1-0524-5 


HI1-0524-2 
HI4P0524-5 
HI3-0524-5 


0°C to +75°C 
-559C to +1259C 

0°C to +759C 

0°C to +75°C 


18-Pin CERDIP 
18-Pin CERDIP 
20-Pin PLCC 
18-Pin Plastic DIP 
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HI-539 
Monolithic, 4 Channel, 
Low Level, Differential Multiplexer 


Features : - Description 


e Differential Performance, Typical: The Harris HI-539 is a monolithic, four channel, 
> Low ARQCN, +1250C.....ccscssssccreessenscccerers atcheventeannes 5.50 differential multiplexer. Two digital inputs are provided 
> Low AID(ON)s +1250C .....ceseeeeeee winhvincsaveuakastabene 0.6nA for channel selection, plus an Enable input to disconnect 
> Low A(Charge Injection)..............ssssssssssserssesseees 0.1pC ali channels. 


> Low Crosstalk : 

Performance is guaranteed for each channel over the vol- 
Settling Time, £0.01% tage range +10V, but is optimized for low level differential 
Wide Supply Range signals. Leakage current, for example, which varies 
Break-Before-Make Switching slightly with input voltage, has its distribution centered at 
No Latch-Up zero input volts. 


HI-539 


In most monolithic multiplexers, the net differential offset 
Applications due to thermal effects becomes significant for low level 

. : signals. This problem is minimized in the HI-539 by sym- 
e Low Level Data Acquisition metrical placement of critical circuitry with respect to the 
¢ Precision Instrumentation | ___ few heat producing devices. 


e Test Systems _ Supply voltages are +15V and power consumption is only 
2.5mW. The HI-539 is packaged in a 16 pin Ceramic or 
Plastic DIP, and a 20 pin Plastic Leaded Chip Carrier. 


Pinouts Functional Diagram 
HI1-539 CERAMIC DIP : | 
HI3-539 PLASTIC DIP 


TOP VIEW 


Ao 


DIGITAL 
ADDRESS 


Al 


SWITCHES) 


IN 1B 


ee oe ee ee ee eles ae hy E 


IN 4A 
IN 4B 


HI4P539 PLCC 


bee fo L 
ADDRESS INPUT _DECODERS MULTIPLEX 
TOP VIEW BUFFER AND SWITCH PAIRS 
3 LEVEL SHIFTER 


CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper |C handling procedures should be followed. 
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Specifications HI-539 


oe 
Absolute Maximum Ratings ISOUPCALOE DUEAIIA Msn end Mee Sd goes tare Gee ciate 20mA es 
Voltage Between Supply Pins (-V, tV) ..... eee eee 40V Operating Temperature Range 1 
Voltage From Either Supply to Gnd... 20V ESO 228 fe acer eattontataera lan -550C to +1250C Tr 
Analog Input Voltage, VIN... ccceeceeeenees -VSVIN STV PUSS Oo Oeavaticarstuissumoebesnnd tucauasaaie ata aay -250C to +859C 
Digital Input Voltage, VA .....ceeeeecceeeeseeeeees VSsVa stv Et BODO 0 ass ajauiangntdacetnnuiesa a taeemenuiecaaaeeeose O0°C to +759C 
Junction Temperature (Max) .......cccccccccesssersseeseseeens 1759C Storage Temperature Rangeé................ -65°C to +150°0C 


Electrical Specifications (Unless otherwise specified) Supplies = £15V, VEN = +4.0V, Va (Logic Level High) = +4.0V, 
VAL (Logic Level Low) = +0.8V. See the “Performance Characteristics and Test Circuits”. 
Selected parameters are defined in “Definitions”. 


HI-539-2, -8 H1-539-4, -5 
PARAMETER TEMP MAX (MIN) MAX (MIN) | UNITS 


ANALOG CHANNEL CHARACTERISTICS 
Vin, Analog Signal Range (-10)}/+10 (-10)/+10 


Ron, On Resistance Vjy = 0V 850 850 
Vin =+10V 900 $00 
Vin = OV 1.3k 1k 
Vin =210V 1.4k 1.1k 


ARon [Side A - Side B] 
Vin = OV 24 
Vin = + 10V 27 
Vin = OV 24 
Vin =+10V 27 


IS(OFF), Off Input Leakage Current 
(Note 1) 
Condition OV 
Condition + 10V 
Condition OV 
Condition + 10V 


33 SHO5 56555 < 


A ls(OFF), [Side A - Side B] 
Condition OV 
Condition t 10V 
Condition OV 
Condition t 10V 


ID(OFF), Off Output Leakage Current 
(Note 1) 

Condition OV 

Condition + 10V 

Condition OV 

Condition + 10V 


A |p(oFF), (Side A - Side B] 
Condition 0V 
Condition = 10V 
Condition 0V 
Condition £10V 


1D(ON), On Channel Leakage Current 
(Note 1) 

Condition OV 

Condition t 10V 

Condition OV 

Condition t 10V 


A lp(on) [Side A - Side B) 
Condition 0V 
Condition £ 10V 
Condition OV 
Condition + 10V 


AVos, Differential Offset Voltage +250C 
(Note 2) Full 


Ss 3pDU FB 
>rrYrp 


EER 
<< 


HI-539 


NOTES: 


PARAMETER 


DIGITAL INPUT CHARACTERISTI 


VAL, Input Low Threshold 
VAH, Input High Threshold 


‘TAH, Input Leakage Current (High) 


IAL, Input Leakage Current (Low) 


SWITCHING CHARACTERISTICS 


Ta, Access Time 

Topen, Break-Before-Make Delay 
TON(EN). Enable Delay On 
TOFF(EN), Enable Delay Off 


Settling Time, to £ 0.01% 

Charge Injection (Output) 

A Charge Injection (Output) 

Charge Injection (Input) 

Differential Crosstalk (Note 3) 

Single Ended Crosstalk (Note 3) 
Cs(OFF), Channel Input Capacitance 


CpD(OFF), Channel Output Capacitan 


Specifications HI-539 


TEMP MAX (MIN) MAX (MIN) | UNITS 


CS 


ce 


Cp(ON), Channel On Output Capacitance 


Cos, Input to Output Capacitance (N 


Ca, Digital Input Capacitance 


POWER REQUIREMENTS 


Pp, Power Dissipation 
1+ Current 
!- Current 


+V, Supply Voltage Range 


ote 4) 


1. See Test Circuits #2,3,4. The condition +10V meuns: 


IS(OFF) and ID(OFF): (Vg = +10V, Vp = -10V), then 


ID(ON): 


(Vg = -10V, V 


2. AVogs (Exclusive of thermocouple effects) = 


Ron AID(ON) + ID(ON) 4RON. 


(+10V, then -10V) 


D = +10V) 
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2.0 2.0 


1.0 1.0 
(£5)/ 418° | t (+5)/ £18 


See Applications section for discussion of additional Vos 
error. 


3. VIN = 1kHz, 15Vp-p on all but the selected channel. See 


Test Circuit #9. 


4. Calculated from typical Single-Ended Crosstalk performance. 


HI-539 


ae yeti o 
Performance Characteristics and Test Circuits « 
(Unless otherwise specified Ta = 25°C, +V = +15V, -V =-15V, Vay =+4V and Vay = +0.8V) ” 
ON RESISTANCE MEASUREMENT ON RESISTANCE vs. TEMPERATURE a 
TEST pseela 
CIRCUIT ssi (VIN = 0 VOLTS) 
NO. 1 “ 
= 
= 700 
oO 
; 
2 600 
x 
Fs 
500 
-25 0 +25 +50 +75 +100 +125 
TEMPERATURE °C 
ON RESISTANCE vs. ANALOG INPUT VOLTAGE ON RESISTANCE vs. SUPPLY VOLTAGE 
2.0 
19 
_ 18 (VIN = OV, Ta = +250C) 
eee Ta = +1250C g 
_ ; 
5 800 ve 
z w 
e 700 9 
: ‘ 
a 2 
ce 500 "Ta = -550C 5 
5 
-12 -10 8 6 4 -2 0 2 4 6 8 W 12 £5 +7 t9 £11 $13 +15 £17 
ANALOG INPUT, VIN (VOLTS) SUPPLY VOLTAGE (VOLTS) 
LEAKAGE CURRENT 
LEAKAGE CURRENT vs. TEMPERATURE 
TEST 
CIRCUIT 
NO. 2* 
i <4 eee TEST 


W4aV4 ID(OFF) = IS(OFF) 


CIRCUIT 
_ NO. 3* 


25 50 75 100 125, 
TEMPERATURE °C 
TEST 
CIRCUIT 
NO. 4* (A) Ip(oNn) 
*Three measurements = +10V/-10V, #10V = +10V 


-10V/+10V, and OV as 


> +4V 


(Similar connections for side ““B”’) 
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HI-539 


Test Circuits (Continued) | 


TEST CIRCUIT 
NO. 5 


SUPPLY CURRENT vs. TOGGLE FREQUENCY 


O +15/+10V 


+ISUPPLY 


+V 
INTA 


H1-539 O +10/+5V 


1+ - SUPPLY CURRENT - mA 


High= 4.0V 
100Hz 1kHz 1OkHz 100kHz 1MHz 3MHz 10MHz Va 4LOW=0vV 


TOGGLE FREQUENCY, Hz 50% DUTY CYCLE -15/-10V 


(SIMILAR CONNECTIONS FOR “B” SIDE 


TEST CIRCUIT 
NO. 6 


ACCESS TIME vs. LOGIC LEVEL (HIGH) 
+15V 


vt 


| 
| 
4 5 6 7 8 9 10 1411 12 13 14 «15 | 
LOGIC LEVEL (HIGH), VOLTS | 
. ie 


rr IN1A O+t10V 

w 280 IN2A, 

= , IN3A 

260 VA HI-539 

2 IN4A 

8 ——w = os 

2 240 - 

‘ 

4 

F 220 | 
| 

200 | 

| 
| 
P= | 


(SIMILAR CONNECTIONS FOR “'B” SIDE) 


VAH =4V eee ACCESS TIME 
a OV 
| = 
= OUTPUT 
-8V (10%) 


| 
-10V 
| | 


Te mer f | | 
RE ES ee 


200ns/DIV. 


Example: ta for 4V logic level 
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fe >] 
Test Circuits (Continued) 2 
TEST CIRCUIT ay 
NO. 7 L 
ADDRESS DRIVE BREAK-BEFORE-MAKE DELAY (topen) 
VAH 74V Ree Saas 
ADDRESS od Lae ele iLeiled 
ov DRIVE (Va) 


OUTPUT A 
50% 50% 
Vi 
—H je 


(toPEN) 


100ns/DIV. 


(SIMILAR CONNECTION FOR “B” SIDE) 


TEST CIRCUIT 
NO. 8 


ENABLE DRIVE ENABLE DELAY (ton(EN), tOFF(EN)) 


VaH =4V 
s0%f- — —— 
Ov 
{ I 
| 90% OUTPUT A 
je ar oe 
tON(EN) —> — tore! 
{ | —>! (EN) ie— 
100ns/DIV. 
(SIMILAR CONNECTION FOR “B” SIDE) 
TEST CIRCUIT 
NO. 9 
SINGLE-ENDED CROSSTALK DIFFERENTIAL CROSSTALK 
Hi-539 INSTRUMENTATION INSTRUMENTATION 


AMPLIFIER * AMPLIFIER * 


*AD606 or BB3630, FOR EXAMPLE 
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Definitions 


CHARGE INJECTION — Charge (in pC) transferred, during a 
transition between channels, through the internal gate-to- 
channel capacitance. The resulting voltage error varies in- 
versely with the output (or input) capacitance. 


CROSSTALK — Signal at the multiplexer output, coupling 
though the Cog capacitance of an OFF. channel. Amplitude 


- is proportional to. source resistance for the ON channel. See 


Test Circuit ##9 for single-ended and differential versions 
of crosstalk. 


DIFFERENTIAL LEAKAGE CURRENT ( A Is(OFF), 
AIp(OFF), Alp(ON)) — The absolute difference in leakage 
for the two sides of a channel. 


Applications 


GENERAL 


The HI-539 accepts inputs in the range -15V to +15V, with 
performance guaranteed over the £10V range. At these higher 
levels of analog input voltage it is comparable to the HI-509, 
and is plug-in compatible with that device (as well as the 
HI-509A). However, as mentioned. earlier, the HI-539 was 
designed to introduce minimum error when switching low level 
inputs. 


Special care is required in working with these low level signals. 
The main concern with signals below 100mV is that noise, 
offset voltage, and other aberrations can represent a large 
percentage error. A shielded, differential signal path is essen- 
tial, especially to maintain a noise level below 50° Vrms. 


LOW LEVEL SIGNAL TRANSMISSION 


The transmission cable carrying the transducer signal is critical 


in a low level system. It should be as short as practical:and 
rigidly supported. Signal conductors should be tightly twisted 
for minimum enclosed area, to guard against pickup of electro- 
magnetic interference, and the twisted pair should be shielded 


DIFFERENTIAL OFFSET VOLTAGE ( A Vgs) — Voltage 
between the multiplexer output terminals with both channel 
input terminals shorted to ground. 


DIFFERENTIAL ON RESISTANCE (ARgn) — The absolute 
difference in Qn Resistance for the two sides of a channel. 


INPUT TO OUTPUT CAPACITANCE (Cps) — Capacitance 
from one input terminal of a channel to the corresponding 
output of the multiplexer. This parameter is responsible 
for Crosstalk. 


against capacitively coupled (electrostatic) interference. 
A braided wire shield may be satisfactory, but a lapped foil 
shield is better since it allows only one tenth as much leakage 


capacitance to ground per foot. A key requirement for the 


transmission cable is that it presents a balanced line to sources 
of noise interference. This means an equal series impedance 
in each conductor plus an equally distributed impedance from 


. each conductor to ground. The result should be signals equal 


in magnitude but opposite in phase at any transverse plane. 


Noise will be coupled in phase to both conductors, and may 
be rejected as common mode voltage by a differential amplifier 
connected to the multiplexer output. 


Coaxial cable is not suitable: for low-level signals because the 
two conductors (center and shield) are unbalanced. Also, 
ground loops are produced if the shield is grounded at both 
ends by standard BNC connectors. If coax must be used, carry 
the signal on the center conductors of two equal-length cables 
whose shields are terminated only at the transducer end. As 
a general rule, terminate (ground) the shield at one end only, 
preferably at the end with greatest noise interference. This is 
usually the transducer end for both high and low level signals. 


TABLE 1. 


EQUIVALENT 
‘WIDTH OF P.C. 
“CONDUCTOR 

(2 oz. Cu.) 


D.C. 


PER FOOT 


0.47” 
0.30" 
0.19” 
0.12" 
0.075” 
0.047” 
0.029” 
0.018” 


0.006492 
0.010282 
0.016192 
0.025722 
0.04182 
0.06682 
0.10592 
0.16892 


RESISTANCE 


8-92 


IMPEDANCE 
PER FOOT 


INDUCTANCE 
PER FOOT AT 60Hz AT 10kHz 


0.006482 
0.0102 $2 


0.016122 
0.025722 
0.0412 
0.066 {2 
0.10592 
0.16822 


0.023582 
0.025482 
0.028882 © 
0.0345 82 
0.0488 82 
0.071882 
0.11082 

0.17192 
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Applications (Continued) 


WATCH SMALL AV ERRORS 


Printed circuit traces and short lengths of wire can add sub- 
stantial error to a signal even after it has traveled hundreds of 
feet and arrived on a circuit board. Here, the small voltage 
drops due to current flow through connections of a few 
milliohms must be considered, especially to meet an accuracy 
requirement of 12 bits or more. 


Table 1 is a useful collection of data for calculating the effect 
of these short connections. (Proximity to a ground plane will 
lower the values of inductance.) 


As an example, suppose the HI-539 is feeding a 12 bit con- 
verter system with an allowable error of £1/2 LSB (£1.22mV). 
If the interface logic draws 100mA from the 5V supply, this 
current will produce 1.28mV across 6 inches of -#* 24 wire; 
more than the error budget. Obviously, this digital current 
must not be routed through any portion of the analog ground 
return network, 


PROVIDE PATH FOR Ipias 


The input bias current for any DC-coupled amplifier must have 
an external path back to the amplifier’s power supply. No 


such path exists in Figure 1A, and consequently the amplifer . 


output will remain in saturation. 


A single large resistor (1M{2 to 10M{2) from either signal line 
to power supply common will provide the required path, 
but a resistor on each line is necessary to preserve accuracy. 
A single pair of these bias current resistors on the HI-539 
output may be used if their loading effect can be tolerated 
(each forms a voltage divider with RON). Otherwise, a resistor 
pair on each input channel of the multiplexer is required. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | package | 


HI4P0539 
HI1-0539-2 


HI3-0539-5 
HI1-0539-4 
HI1-0539-5 


0°C to +75°C 
~559C to +125°9C 

O0°C to +75°C 
-259C to +859C 

0°C to +75°C 
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The use of bias current resistors is acceptable only if one is 
confident that the sum of signal plus common-mode voltage 
will remain within the input range of the multiplexer/amplifier 
combination. 


Another solution is to simply run a third wire from the low 


side of the signal source, as in Figure 1B. This wire assures a. 


low common-mode voltage. as well as providing the path for 
bias currents. Making the connection near the multiplexer 
will save wire, but it will also unbalance the line and reduce 
the amplifier’s common-mode rejection. 


DIFFERENTIAL OFFSET, AVos 


There are two major sources of AVgs. That part, due to the 
expression (Roy Alp(ON) + Ip(ON) ARgn) becomes signif- 
icant with increasing temperature, as:shown in the Electrical 
Characteristics section. The other source. of offset.is the 
thermocouple effects due to dissimilar materials in the. signal 
path. These include silicon, aluminum, tin, nickel-iron and 
(often) gold, just to exit the package. 


For the thermocouple effects in the package alone, the con- 
straint on AVgs may be stated in terms of a limit on the 
difference in temperature for package pins leading to any 
channel of the HI-539. For example, a difference of 0.139C 
produces a 5yV offset. Obviously, this AT effect can domin- 
ate the AVgs parameter at any temperature unless care is 
taken in mounting the HI-539 package. 


Temperature gradients across the HI-539 package should be 
held to a minimum in critical applications. Locate the HI-539 
far from heat producing components, with any air currents 
flowing lengthwise across the package. 


20-Pin PLCC 
16-Pin CERDIP 
16-Pin Plastic DIP - 
16-Pin CERDIP 
16-Pin CERDIP 


o 
9 
ns 
= a 
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Applications (Continued) 


“FLOATING” 
SOURCE 


FIGURE 1A 


H1-539 +V 


_POWER SUPPLY 
COMMON 


POWER SUPPLY 
COMMON 


-FIGURE 1B 


The amplifier in. Figure 1A is unusable because its bias currents cannot return to the power supply. Figure 1B 
shows two alternative paths for these bias currents: either a pair of resistors, or (better) a third wire from the low 
side of the signal source. ~ 


Die Characteristics 


Transistor COUNL.......cceecceseceeeeeeens si siaspad cusmmraacanontees 236 
Die DIMENSIONS ...........cccceeeceecceeeeeeeneenneeneeneeees 92 x 100 mils 
‘Substrate Potential®....... ee seeeeeeseeeeeeeeeees -VSUPPLY 
PEOCOSS 2s tnswsfacveaactesaliinadticisnaanneeaieaese naan CMOS-D! 
Thermal Constants (°C/W) Gia Bic 
Ceramic DIP 103 34 
Plastic DIP 75 22 


*The substrate appears resistive to the -Vsyppy terminal, therefore it 
may be left floating (insulating Die Mount) or it may be mounted on acon- 
ductor at -Vsyppy potential. 
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I-546/547 


Single 16/Differential 8 Channel CMOS Analog 
Multiplexers with Active Overvolitage Protection 


N 
+ 
ie) 
~ 
© 
+ 
” 
a7 


Features Description 


e Analog Overvoltage Protection The HI-546 and HI-547 are analog multiplexers with Active Overvoltage Protection 
e No Channel interaction During Overvoltage 2nd guaranteed Ron matching. Analog input levels may greatly exceed either 
e ESD Resistant power supply without damaging the device or disturbing the signal path of other 
°G dR Matchi channels. Active protection circuitry assures that signal fidelity is maintained even 

uaranteed Ron Matching under fault conditions that would destroy other multiplexers. Analog inputs can with- 
° 44V Maximum Power Supply stand constant 70 volt peak-to-peak levels and typically survive static discharges 
¢ Break-Before-Make Switching beyond 4,000 volts. Digital inputs will also sustain continuous faults up to 4 volts 
® Analog Signal Range greater than either supply. In addition, signal sources are protected from short 
circuiting should multiplexer supply loss occur; each input presents 1kQ of 
resistance under this condition. These features make the HI-546 and HI-547 ideal 
for use in systems where the analog inputs originate from external equipment or 
A : separately powered circuitry. Both devices are fabricated with 44 volt dielectrically 
Applications isolated CMOS technology. The HI-546 is a 16 channel device and the HI-547 is a 
8 channel differential version. If input overvoltage protection is not needed, the 
; HI-506 and HI-507 multiplexers are recommended. For further information see 
¢ Industrial Controls Application Notes 520 and 521. 


p reremerry The HI-546/547 are offered in both commercial and military grades. Additional 
Hi-Rel screening to MIL-STD-883 is available when specified by the “/883” suffix. 
For details, request the HI-546/883 or HI-547/883 data sheets. 


Each device is available in a 28 pin Plastic or Ceramic DIP, and a 28 pin Plastic 
Leaded Chip Carrier (PLCC). 


® Access Time (Typical) 
e Standby Power (Typical) ............ 7.5mW 


© Data Acquisition 


Pinouts Functional Diagrams 


Hi1-546 (CERAMIC DIP) HI1-547 (CERAMIC DIP) 
HI3-546 (PLASTIC DIP) HI3-547 (PLASTIC DIP) 
TOP VIEW TOP VIEW 


+VSUPPLY 
DECODER/ 


DRIVER 


18 1 ENABLE 
17 1 ADDRESS Ag Tr) ADDRESS Ag 
16 [1 ADDRESS Ay Tr) ADDRESS Ay 
ADDRESS A3 15 (1 ADDRESS A2 15 [) ADDRESS Az OO000 O 
VREF Ag Al Az A3 EN 
HI-546 


Hi4P546 (PLCC) HI4P547 (PLCC) 
TOP VIEW TOP VIEW 


[=] + VSUPPLY 
iS] “VSuUPPLY 


DECODER/ 
DRIVER 


OVERVOLTAGE 
CLAMP & 
SIGNAL 
ISOLATION 


OO0O000 O 
VagF AQ A] A2 EN 
Hi-547 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-546/547 


Specifications HI-546/547 


Absolute Maximum Ratings (Note 1) 
VSUPPLY(+) tOVSUPPLY(-) «+--+ eee eect eect e eet e ene e ees 44V 
_VSUPPLY(+) to OND vce creasinecechae ts iudarcuews ania 22V 
- VSUPPLY(-) OGND .......... cece cece cect ee eecncecer ence 25V 
Digital Input Overvoltage 
+VEN) TVA 4 votes e eiwweews er ee +VSUPPLY +4V 
SVEN HVA oii ee toca tnd y Oceedaneet sowie -VSUPPLY ~4V 


_or 20mA, whichever occurs first. 
Analog Signal Overvoltage (Note 7) . 
PVG: cecacichah retivat awnsewecrelocues +VSUPPLY +20V 
ONG cia ae i aatieeen ee wae Ne aeak Concur ba -VSUPPLY -20V 


Electrical Specifications Unless Otherwise Specified: 


Continuous Current,S orD: ........... 0. eee cee cece eueee 20mA 
Peak Current, S or D 
(Pulsed at 1ms, 10% duty cycle max): ..............005. 40mA 
Junction Temperature ....... 0... 0c. eee eee e cece eens +1759C 
Operating Temperature Ranges: 
HI-546/54 7-2 1. ccc cece ween ene nceeces -55°C to +125°9C 
HI~546/547-4 occ cece ence n eee eneacs -25°C to +85°9C 
Hl=546/54 7-5 ie ckedwk ee teen tee cae ewes 0°C to +759C 
Storage Temperature Range ...............5. -65°C to +150°C 


Supplies = +15V, -15V; Vper Pin = Open; Vay (Logic Level High) = +4.0V; 
VAL (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 


PARAMETER 
ANALOG CHANNEL CHARACTERISTICS 


Vs, Analog Signal Range 
RON, On Resistance (Note 2) 


ARON, Any Two Channels 
IS (OFF), Off Input Leakage Current (Note 3) 


Ip (OFF), Off Output Leakage Current (Note 3) 
H1-546 
HI-547 

ID (OFF), with Input Overvoitage Applied (Note 4) 


Ip (ON), On Channel Leakage Current (Note 3) 
HI-546 
HI-547 

IDIFF. Differential Off Output Leakage Current 

(HI-547 Only) 


DIGITAL INPUT CHARACTERISTICS 


VAL, Input Low Threshold TTL Drive 

VAH, Input High Threshold (Note 8) 

VAL MOS Drive (Note 9) 

VAH MOS Drive (Note 9) 

lA, Input Leakage Current (High or Low) (Note 5) 
SWITCHING CHARACTERISTICS 


ta, Access Time 


tOPEN, Break-Before-Make Delay 
tON (EN), Enable Delay (ON) 


tOFF (EN), Enable Delay (OFF) 


Settling Time (0.1%) 
(0.01%) 

“Off Isolation” (Note 6) 

CS (OFF), Channel Input Capacitance 

CD (OFF), Channel Output Capacitance HI-546 

H1-547 

Ca, Digital Input Capacitance 

CDS (OFF), Input to Output Capacitance 

POWER REQUIREMENTS 

Pp, Power Dissipation 


1+, Current Pin 1 (Note 7) 
1-, Current Pin 27 (Note 7) 


~ NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. VouT = £10V, lout = -100pA. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Analog Overvoltage = +33V. 


HI-546/HI-547 HI-546/547 
-2 -4, -5 


OS Hse eal Re 


TRUTH TABLES 


HI-546 


“ON” 
A3|A2/A1 |Ag |EN|CHANNEL 
xIxTx Tx [et 


PTELTrTIrITLI Creer ce 
LISS rrr Latte ee 
wae? Lee eae er Leer 
Lrlralr le Lele Le Lr 
LITE TRETTRELT TITS 


HI-547 


“O N”’ 
CHANNEL 
PAIR 


NONE 


Steer eeex |S | 


rreerierx|> | 


Terese sexe | 
Pore eee | Oe 


ONO WN —= 


5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is fess than 1nA at 25°C. 

6. Ven = 0.8V, RL = 1K, Cy = 15pF, Vg = 7Vpyys, f = 100kHz. 

7. Ven, Va = OV or 4.0V. 

8. To drive from DTL/TTL Circuits, 1k pull-up resistors to +5.0Vsyppiy 
are recommended. 

9. Vaer = +10V. 
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_ HI-546/547 


Performance Characteristics and Test Circuits 


Unless Otherwise Specified: TA = 25°C, VSupply = +15 V, 
VAH = +4 V, VAL = 08 V And VRef = Open. 


ON RESISTANCE j 
vs. ANALOG INPUT VOLTAGE 
+ SE SH CP REE SR MANN vo 


Fs ea See 
Pe 


LEAKAGE CURRENT VS. TEMPERATURE 


100nA 


a = Se 
eee ee 
| CTC SOFF OUTPUT || OZ 
ON LEAKAGE CURRENT 4 Of | 


Ip (OFF) 
Fis ae 


Leakage Current 


Normalized on Resistance 
(Referred to Value at +15Voilts} 


ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 


NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 


a ee 


a 

| YN 
tN 
ie ee 

es lees 

ria 

Loled 


*Two measurements per channel: 
+10 V/-—10 V and -—10 V/+10 V. 
(Two measurements per device for ID(OFF): 
+10 V/-—10 V and —10 V/+10 V.) 


ANALOG INPUT wa 
CURRENT (1)y) 


OUTPUT OFF 
Saree CURRENT 


(Iypqy) Analog Input Current (mA) 


+18 «= +210 +240 +27 40 
Viny - Analog Input Overvoltage (Volts) 


133-436 
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ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 


HI-546/547 


HI-546/547 


HI-546/547 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE TEST 


— CIRCUIT ON CHANNEL CURRENT 
pt a NO. 6 vs. VOLTAGE 


t 46 +8 +10 +12 
Vin - Voltage Across Switch 


+ISUPPLY 


SUPPLY CURRENT 
vs. TOGGLE FREQUENCY J 


100K 
. Toggle Frequency, Hz 


TEST ACCESS TIME 
| CIRCUIT vs. LOGIC LEVEL (HIGH) 
ACCESS TIME VS. LOGIC LEVEL (HIGH) NO. 8 | 


= 800 

= 700 fe VReF= OPEN for Logic High Level < 6V 

3 eno VREF= Logic High for Logic High Levels -6V 
< 

= 


9 10 11 12 13 14 «+15 
Logic Level (High), Volts 


Switching Waveforms 


Vay 4.0V ADDRESS 


DRIVE (Va) 
nV AH : OV 
+ 


mee 
i a Be 


| 
OUTPUT 


200ns/Div. 
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HI-546/547 
Switching Waveforms (continued) 


TEST 
CIRCUIT 
NO. 9 


BREAK-BEFORE-MAKE 
DELAY (tOPEN) 


AUDORESS 
ORIVE (Val 


OUTPUT 


*Similar Connection for HI-547 


TEST 
CIRCUIT 
NO. 10 


ENABLE DRIVE ENABLE DELAY (tON(EN),tOFF(EN)) 


—> 'ONIEN) #— | tore ! 
, Srl ent 


Schematic Diagrams 


BREAK-BEFORE-MAKE DELAY(tOPEN) 


Pt Tgineur| 
Bie 
OT 
\ 
A res MA 
eae ae 


100ns/Div. 


sw 
v 
Le) 
~ 
© 
+ 
7 
- 


Pere coress 
rae 
= 


IN ae 
IN 8 OF 


= 
OUTPUT A 
2v /DIV. 


ns/Dwv. 


ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 


OVERVOLTAGE 
PROTECTION 
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TO DECODE 


HI-546/547 


HI-546/547 


Schematic Diagrams (continued) 
- ADDRESS DECODER MULTIPLEX SWITCH 


FROM 
; 


DECODE ~ 
ann 


OVERVOLTAGE PROTECTION 


TO P CHANNEL 
DEVICE OF 
THE SWITCH 


A, OR A} 


eb es ee oa ae ene Na tl 


TO N CHANNEL 
DEVICE OF é 
THE SWITCH 
A2 OR A2 
Ag OR A3 oecooe > 
ENABLE 2 
Delete A3 or Ag 
Input for H!-547 
‘ 
Die Characteristics 
Wransistot GOUNt. 2.4.4 vsusi eee kentcenes ti Sactc evens 485 
Die Dimensions ........... 0c. cee cece ener 159 x 84 mils 
Substrate Potential* ..................0 ee eee -VSUPPLY 
PIOCOSS-22ecc cya wake ches saan eee aes CMOS-DI 
Thermal Constants (°C/W) Gja 8ic 
Ceramic DIP | 50 18 


*The substrate appears resistive to the -VsupPLy terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsUPPLY potential. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE PACKAGE 


HI1-0546-4 -259C to +85°C 28-Pin CERDIP 
HI1-0546-5 0°C to +75°C 28-Pin CERDIP 
Hl1-0546-2 -§5°C to +125°C 28-Pin CERDIP 
HI3-0546-5 0°C to +75°C 28-Pin Plastic DIP 


HI4P0546-5 0°C to +75°C 28-Pin PLCC 


Hi1-0547-4 -25°C to +85°C 28-Pin CERDIP 
Hl1-0547-2 -559C to +125°9C 28-Pin CERDIP 
HI1-0547-5 0°C to +75°C 28-Pin CERDIP 
HI4P0547-5 0°C to +75°C 28-Pin PLCC 

HI3-0547-5 0°C to +75°C 28-Pin Plastic 


8-100 


Features 


@ Analog Overvoltage Protection 


e No Channel Interaction During Overvoltage 


e ESD Resistant 

® Guaranteed RON Matching 

e 44V Maximum Power Supply 
e Break-Before-Make Switching 
© Analog Signal Range 

© Access Time (Typical) 


e Standby Power (Typical) ............ 7.5mW . 


Applications 


® Data Acquisition 
¢ Industrial Controls 
© Telemetry 


Pinouts 


HI1-548 (CERAMIC DIP) 
HI3-548 (PLASTIC DIP) 
TOP VIEW 


AQ Al 
ENABLE A? 
-VSUPPLY GND 


IN 1 +VSUPPLY 
IN 2 IN 5 


IN 3 ING 
IN 4 IN7 
OUT IN 8 


HI4P548 (PLCC) 


- VsuPPLy [4] 


Single 8/Differential 4 Channel CMOS Analog 
Multiplexers with Active Overvoltage Protection 


Description 


The HI-548 and 549 are analog multiplexers with Active Overvoltage Protection and 
guaranteed Ron matching. Analog input levels may greatly exceed either power 
supply without damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even under fault 
~conditions that would destroy other multiplexers. Analog inputs can withstand 
constant 70 volt peak-to-peak levels and typically survive static discharges beyond 
4,000 volts. Digital inputs will also sustain continous faults up to 4 volts greater than 


- either supply. In addition, signal sources are protected from short circuiting should 


multiplexer supply loss occur; each input presents 1kQ of resistance under this 
condition. These features make the HI-548 and HI-549 ideal for use in systems 
where the analog.inputs originate from external equipment or separately powered 
circuitry. Both devices are fabricated with 44 volt dielectrically isolated CMOS 
technology. The HI-548 is an 8 channel device and the HI-549 is a 4 channel 
differential version. If input overvoltage protection is not needed, the HI-508 and 
HI-509 multiplexers are recommended. For further information see Application 
Notes 520 and 521. 


The HI-548/549 are offered in both commercial and military grades. Additional 


Hi-Rel screening to MIL-STD-883 is available, when specified by the “/883” suffix. 


For details, request the HI-548/883 or HI-549/883 data sheets. 


. Each device is available in a 16 pin Plastic or Ceramic DIP, and a 20 pin Plastic 
Leaded Chip Carrier (PLCC). 


Functional Diagrams 


HI1-549 (CERAMIC DIP) 
HI3-549 (PLASTIC DIP) 


TOP VIEW 


Aj DECODER/ 


ENABLE CJ 2 GND : DRIVER 
-VsupeLy C 3 +VSUPPLY 


IN 1B 


IN 2B 


I OVERVOLTAGE 
N 3B CLAMP & 
IN 48 SIGNAL 


ISOLATION 
OUT B 
“DIGITAL INPUT PROTECTION 


HI4P549 (PLCC) 


DECODER/ 
DRIVER 


+ VSUPPLY 


OVERVOLTAGE 
CLAMP & 
SIGNAL 
ISOLATION 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-548/549 


Specifications HI-548/549 


Absolute Maximum Ratings , 


(Note 1) 
VSUPPLY(+) tOVSUPPLY(-) «<0 - +00 eee cece cere ne eeneeees 44V 
VSUPPLY(4+) 10 GND wees veuwpe ual cmasa toda ndes seuss eas 22V 
VSUPPLY(-)10 GND \scsive saad isae sas ees ambangwed canes 25V 
Digital Input Overvoltage 
EVENS TVA snd cies hao eeu ier h tee +VsSUPPLY +4V 
VEN HVA cnmadls ovaud seinite saad ieeeoread -VSUPPLY -4V 


or 20mA, whichever occurs first. 
Analog Signal: Overvoltage (Note 7) 
TVG seid china woe ee emet eens Wek weeme wae eas +VSUPPLY +20V 
AVG Sci nwes Sie nae oaree taeda saab -VSUPPLY -20V 


Electrical. Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; Vay (Logic Level High) = +4.0V; 


Continuous Current, SorD:........... cece cece cece a eaees 20mA 
Peak Current, S or D 
(Pulsed at 1ms, 10% duty cycle max): ...............00- 40mA 
Junction Temperature ............. 0... cece eee ene e eee +175°9C 
Operating Temperature Ranges: 
HI-548/549-2 ©... ccc cee eee -55°C to +1259C 
Hi-548/549-4 2... ccc cee eens -25°C to +85°C 
HI=548/549-5: 25 See us dove kaciuedrsen dese 0°C to +75°9C 
Storage Temperature Range ................. ~659C to +150°C 


VaL (Logic Level Low) =.+0.8V. For Test Conditions, consult Performance Characteristics Section. 


HI- gait 549 


PARAMETER 
ANALOG CHANNEL CHARACTERISTICS 
Vs, Analog Signal Range 
“RON, On Resistance (Note 2) 


ARON, Any Two Channels 
Is (OFF), Off Input Leakage Current (Note 3) 


ID (OFF), Off Output Leakage Current (Note 3) 
HI-548 
HI-549 

ID(OFF) with Input Overvoltage Applied (Note 4) 


ID (ON), On Channel Leakage Current (Note 3). 
HI-548 
HI-549 
IDIFF. Differential Off Output Leakage Current 
(HI-549 Only) 
DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold 
VAH,, Input High Threshold 
1A, Input Leakage Current (High or Low) (Note 5).}: 
SWITCHING CHARACTERISTICS 
ta, Access Time 


(Note 8) 


tOPEN, Break-Before-Make Delay 
tON (EN), Enable Delay (ON) 


tOFF (EN), Enable Delay (OFF) 


Settling Time (0.1%) 
(0.01%) 

“OFF Isolation” (Note 6) 

Cs (OFF), Channel Input Capacitance 

CD (OFF), Channel Output Capacitance HI-548 
HI-549 

Ca, Digital Input Capacitance 

CDS (OFF), Input to Output Capacitance 


POWER REQUIREMENTS 


Pp, Power Dissipation 
1+, Current (Note 7) 
1-, Current (Note 7) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Vout = £10V, lout = -100nA. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Analog Overvoltage = +33V. 


HI-548/549 


TRUTH TABLES 


HI-548 


“ON” 
1/Ao CHANNEL 


NONE 


s_ 
ie) 


Itrrrririe 
ONONAWN = 


TrtTteroeeorex 
or ee eS 
Os me CE es A pele ER coe 


HI-549 


“ON” 
CHANNEL 
PAIR 


L a 
H 
H 
H 
H 


5. Digital input leakage is primarily due.to the clamp diodes (see Schematic). 
Typical leakage is less than 1nA at 25°C. 

6. Ven = 0.8V, Ry = 1K, Cy = 15pF, Vg = 7Vpyys, f = 100kHz. Worst case 
isolation occurs on channel 4 due to proximity of the output pins. 

7. Ven, VA = OV or 4.0V. 

8. To drive from DTL/TTL Circuits, 1k pull-up resistors to +5.0Vsyppiy 
are recommended. 
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HI-548/549 


ae Sette, o 
Performance Characteristics and Test Circuits ON RESISTANCE vs. < 
Unless Otherwise Specified TA = 25°C, VSupply = +15 V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE ~ 
VAH = +4V, VAL = 08V 2 
TEST CIRCUIT =, -_¥ af 
No. 1 100 ZA oa 
< 

ON RESISTANCE NORMALIZED ON RESISTANCE 

vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE 


c: 1.2 


Resistance —K 
Normalized on Resistance 
Referred to Value at +15Volts) 


~— 


Bere nl Input ane Supply Voltage - Volts 


LEAKAGE CURRENT VS. TEMPERATURE 


100nA 


TEST CIRCUIT | TEST CIRCUIT 
NO. 2* e NO. 3* 


1nA 


TEST CIRCUIT 


NO. 4* *Two measurements per channel: 
: +10 V/-—10 V and —10 V/+10 V. 
(Two measurements per device for Ip(OFF): 
+10 V/—10 V and —10 V/+10 V.) 


Leakage Current 


TIAN 


OFF INPU] 
LEAKAGE CURRENT 
) 


Temperature —°C 


ANALOG INPUT TEST CIRCUIT 


OVERVOHIAGE CHARACTERISTICS NO. 5 
; ANALOG INPUT 


OVERVOLTAGE CHARACTERISTICS 


OG INPUT 
AEM (ty) 


OUTPUT OFF 
LEAKAGE CURRENT 
Ip OFF) 


Vin - Analog Input Overvoltage (Volts) 
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HI-548/549 


HI-548/549 


Performance Characteristics and Test Circuits (continued) 


ON CHANNEL CURRENT vs. VOLTAGE 


+14, 


+ 
a 
) 


| - Switch Current -mA 


+648 


+10 = +12 


Vin : Voltage Across Switch 


ACCESS TIME VS. LOGIC LEVEL (HIGH) 


ta - Access Time (ns) 


1 
Toggle Frequency, Hz 


7 8 9 10 11 #12 13 14 «15 


Logic Level (High), Voits 


Switching Waveforms 


VAH = 4.0 


ADDRESS 


DRIVE (Va) 
af Ns 
+10V | 
. OUTPUT A 

90% 
-10V 


TEST CIRCUIT 
NO. 6 


ON CHANNEL CURRENT 
vs. VOLTAGE 


C) +15/+10V 


+ISUPPLY 


SUPPLY CURRENT 
~ vs. TOGGLE FREQUENCY 


TEST CIRCUIT 
NO. 7 


Vay = 4V 
VaL = 0.8V 
50% DUTY CYCLE 


*Similar connection for HI-549 


TEST CIRCUIT ACCESS TIME 
NO. 8 vs. LOGIC LEVEL (HIGH) 


IN 1 © +10V 


IN 2 THRUIN 7? 


*HI-548 


*Similar connection for HI-549 


ACCESS TIME 


Pt fvgmurt IPT | 
Oe ee oa a 


ie ee ee 
ed eee 


200ns/Div. 
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HI-548/549 


Switching Waveforms (continued) 
TEST CIRCUIT 
NO. 9 BREAK-BEFORE-MAKE DELAY (tOPEN) 
SZ eeseeee 
Panel BREAK-BEFORE-MAKE DELAY(tOPEN) fe plea Lae | ee 
. a Fa 2V/DIV. ae 


ADDRESS 
i ee i.ceecaeee 
oe Re areii.e 
50" 50% OUTPUT 
: ° S5V/DIV. \ 
'OPEN 


pt TE tT 
ee ees 


. 100ns/Div. 
*Similar connection for HI-549 
TEST CIRCUIT ENABLE DELAY (tON(EN),tOFF(EN)) 
NO. 10 


ENABLE DRIVE 


Van= 4.0 


ENABLE DELAY (tON(EN),tOFF(EN)) 


ae canal 
Co ee 
aces 


*Similar connection for HI-549 


Schematic Diagrams 


TTL REFERENCE CIRCUIT 


fe ea es oe 1 
| V+ | 
wm OS ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 
! ai \ 
| 
rr 
1 | 
lon A I 
1 | 
| re 4 


rc 
| | 
| t 
! | 
1 1 
' SHIFTED 
P ADORESS 
OVERVOLTAGE R5 A? 
PROTECTION ll | TO DECODE 
ae | ae | 
; omy tit ne /\ ae I LeveL 
* Pty SHIFTED 
aa ! Ri iy, N ADORESS 
TO DECODE 
120092 ea ze ay). au Fe a0 at aaa 
AN J 
! Vy y 
, 01 
' Vv. yu GNO | 
ase” Ns a es cn Ste spe tan re sda re Ae J 
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HiI-548/549 


HI-548/549 


HI-548/549 


Schematic Diagrams (continued) 


MULTIPLEX SWITCH 


FROM 
DECODE 


ADDRESS DECODER 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH PAIR 


TO N-CHANNEL 
OEVICE OF 
THE SWITCH PAIR 


A2 OR A? 


ENABLE 


FROM 
DECODE 


Vv, 
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HI-548/549 


o) 
Die Characteristics in 
rs) 
‘Transistor COUnt¢ ei:05 cates oesw eure hoe aieeeaa ah 253 = 
Die Dimensions ............ cece eee news 108 x 83 mils =F 
Substrate Potential* ................. 0002 eee -VSUPPLY <r 
PICCOSS 5.2 9cs.co ede Owed oeweewes schua sr eees CMOS-DI 

Thermal Constants (°C/W) Bia Bic 

Ceramic DIP 104 35 

Plastic DIP 75 23 


*The substrate appears resistive to the -VgyppLy terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsuppLy potential. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | packace 


HI3-0548-5 0°C to +75°C 16-Pin Plastic DIP 
HI4P0548-5 0°C to +75°9C 20-Pin PLCC 
HI1-0548-2 -55°C to +125°C 16-Pin CERDIP 
HI1-0548-4 -259C to +85°C 16-Pin CERDIP 


HIt-0548-5 0°C to +75°C -16-Pin CERDIP 


HI1-0549-5 09°C to +759C 16-Pin CERDIP 
HI1-0549-4 -25°C to +859C 16-Pin CERDIP 

- HI1-0549-2 -559C to +1259C 16-Pin CERDIP 
HI3-0549-5 0°C to +75°C 16-Pin Plastic DIP 
HI4P0549-5 0°C to +759C 20-Pin PLCC 
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1H5108 


GENERAL DESCRIPTION 


The 1H5108 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI548 and similar devices, but adds fault protection to 
the standard performance. A-unique serial MOSFET switch 


ensures that an OFF channel will remain.OFF when the. 


input exceeds the supply rails by up to + 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit- 
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, D/A converters, etc. 


A binary 3-bit address code together with the ENable in- 
put allows selection of any one channel, or none at all. 
These 4 inputs are all TTL compatible for easy logic inter- 
face; the ENable input also facilitates MUX expansion and 
cascading. 


ORDERING INFORMATION 


Part Temperature 
IH5108MJE | —55°C to + 125°C 16 pin CERDIP 
IH5108IJE — 25°C to + 85°C 16 pin CERDIP 


ADDRESS DECODER ENABLE 
1 OF 8 INPUT 


J C) 
Ay Ay Ay EN(ENABLE INPUT) 


3 LINE BINARY ADDRESS INPUTS 
(10 1) AND EN HI 
ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 


Figure 1: Functional Diagram 


IH5108CPE OPC to 70°C. 16 pin plastic DIP |. 


IH5108 


~8-Channel Fault Protected 


CMOS Analog Multiplexer 


FEATURES 


© All Channels OFF When Power OFF, for Analog 
Signals up to +25V 


® Power Supply Quiescent Current Less Than 1mA 
@ +13V Analog Signal Range 

® No SCR Latchup 

® Break-Before-Make Switching 

® Pin Compatible With HI-548 


®@ Any Channel Turns OFF if Input Exceeds Supply 
Rails by Up to +25V 


© TTL and CMOS Compatible Binary Address and 
ENable Inputs 


TRUTH TABLE 


ait at oh tt OOO OC MRM 
—~mOO 4 OO ¥ 
=O -O=30=0 X 
wach wh oh eh eh ch eh ob CG) 
Ong Ohm GN = 


Ao, At, Ao, EN 
Logic 1"'=Vay2>2.4V 
Logic “0 =Va, <0.8V 


(outline dwg JE, PE) 


| V+ Common to Substrate 
Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304200-004 


NOTE: All typical values have been characterized but are not tested. 
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fH5108 2 
eo) 
ad 
Te) 
ABSOLUTE MAXIMUM RATINGS = 
Vin(A, EN) to Ground ..................45. —15V to 15V Storage Temperature 
VEDI VOION ©. wiitustina uted eva ee is + 25V, —40V C Sue eathoe eae tet hee —-65°C to + 125°C 
VE OPV IOV. aire cone deus es eda es —25V, + 40V Sc SUNIKG. se a iicce yaa Sarees aren —65°C to + 150°C 
V+ to Ground ..... ccc ccc ccc cece ecceeccccccccceee 20V Lead Temperature (Soldering, 10 sec).............. 300°C 
Vite GROUND sc oe nywiencadeseavenaneetaieceha ee —20V Power Dissipation” 
Current (Any Terminal) ...........0..00cceeeeuees 20mA GERDIP Package®® «<r. 2+-t1 esse evesaet one 900 mW 
Operating Temperature Plastic Package ak ei tat go a ang Wal -gihercatriel ie esia-oe rear Sele eed 470 mw 
GS SUT: ee Ok cae ce Malena eee ed 0°C to + 70°C *Device mounted with all leads soldered or welded to PC 
LOUK cecil eae aaa ache ye oenee — 25°C to + 85°C board. 
M Suffix Steg antes aba Ss eer ios ov to Ob, ee Rete es fee eRe —55°C to + 125°C **Derate 12 mWwW/°C above 75°C 


***Derate 6.3 mW/°C above 75°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating ‘conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS  (v+ =15v, V~ =—15V, Ven =2.4V, unless otherwise specified.) 


Max eae 
Typ |‘ MSuffix | | C Suffix Suffix 


25°C 
; " gia ce sled 
-ssofase|rase 
Vp= 10V, meddence cack 1200 |1200] 1800] 1500 |1500] 2000 
Is= —100pA switchon 
Vp= —10V VaL=0.8V, 
00 }1500} 2000 
ls= —100pA VAH = 2.4V fod — ia emf 
_ RDs(on)max—RDs(on)min 
Rps(on)avg. 
Vs=+10V 


var Ne tO ve 0 oo | 


Test Conditions 


a om 


Vp = 10V, Vs= —10ViVen = 0.8V 


acl sey 


Vsail) = Vp = 10V Sequence each 
switch on 


VaH=2.4V 
Ven =2.4V 


Vsupp = OV, Vin= + 25V, 
Ven = Vo= OV, Ao, Ay, Ao =0V 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
(V+ = 15V, V- = —15V, Ven = 2.4V, unless otherwise specified.) (Continued) 


{25°C ~25°C/ 85°C/ 
orc 70°C 


[serene Jos) [a] | 
[seo Fgwes oz! | | 


fall 
a ee 
| ost tt | | 
ton-tof¢ Break- Ven= +5V, Ao, Ay, Ao Strobed Mey ye 
Before-Make Vin= +10V, see Figure 6 
teem [>| [T [ 
i ~ Vsg=3 VRMS, f= 500kHz 
x. fet ttt 
eee ea 


vases Jos oy Jos] os[ [ao 
avarowy  Joael 07 [osfos | [ro 


. Note 1. Readings taken 400ms after the overvoltage occurs. 


- SWITCHING TIME TEST CIRCUITS 


Va 
t, < 100ns 
“t¢<100n8 


Vour 
Vs: = +10V 
Vs—a = -10V 


Vout 
Vs1 = -—10V 
Vsg = +10V 


PROBE IMPEDANCE 
Rp = 1M 
Cp spr 


0289-3 
Figure 3: ttransition Switching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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SWITCHING TIME TEST CIRCUITS (Continued) 


Va 3V 
tr< 100ns 
t<100n8 | 5y 0.8V 


Vour Vsi = -2V 


SiON Se ON 
50% 50% 50% 50% 


0289-5 
Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 


VEN 
tr< 100ns 


Vout 


0289-7 
Figure 5: Enable tp, and to¢¢ Switching Test Circuit and Waveforms 


ton and tor LOGIC 
INPUT < 10ns 


+3V 


1 4 
BREAK-BEFORE | 
MAKE DELAY —-! 


—_—~ 


0289-10 


0289-9 
Figure 6: t(on)~tiott) Break-Before-Make Delay Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The 1H5108, like all Harris multiplexers, contains a set of 
CMOS switches that form the channels, and driver and de- 
coder circuitry to control which channel turns ON, if any. In 
addition, the 1H5108 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi- 
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi- 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi- 
plexer systems (see applications section). 


Another, and more important difference lies in the switch- 
ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea- 
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The 1H5108 uses a novel series arrange- 
ment of the p- and n-channel switches (Figure 7) combined 
with a dielectrically isolated process to eliminate these 
problems. | 


- 25V Q 


1 
OVERVOLTAGE D 


Qa 

N-CHANNEL MOSFET — G D 
IS TURNED ON 
BECAUSE Vgs = + 25V 


- P-CHANNEL 
MOSFET 1S OFF 


— 25V 
Ss 


1H5108 


+15V 


- 18V 


Q3 COMMON 


OUTPUT 


-15V FROM +15V FROM 
DRIVER DRIVER 


"0289-11 
Figure 7: Series Connection of Channel Switches 


Within the normal analog signal range, the inherent varia- 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan- 
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec- 
tion is provided for any input or output channel against over- 
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break- 
down voltage under the various conditions. 


+ 25V FORCED 
ON COMMON 
OUTPUT 

LINE BY 
EXTERNAL 
CIRCUITRY 


I N-CHANNEL 


i MOSFET IS OFF 


(a) OVERVOLTAGE WITH MUX POWER OFF 


~15V 


~ 25V 
OVERVOLTAGE 


N-CHANNEL MOSFET 
IS TURNED ON 
BECAUSE Ves = + 10V 


ee Sea 


-15V FROM +15VFROM P-CHANNEL 
DRIVERS 


+15V -15V 


+ 25V FORCED 
ON COMMON 
OUTPUT 

LINE BY 
EXTERNAL 
CIRCUITRY 


N-CHANNEL 
MOSFET IS OFF 


DRIVERS MOSFET IS OFF 


(b) OVERVOLTAGE WITH MUX POWER ON 
Figure 8: Overvoltage Protection 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION (Continued) 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur- 
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 


0289-15 
Figure 10: Protection Against Logic Input 


MAXIMUM SIGNAL HANDLING 
Bowe CAPABILITY 


The 1H5108 is designed to handle signals in the +10V 

range, with a typical rps(on) of 9009; it can successfully 

° handle signals up to + 12V, however, rpg(on) will increase to 

~15V about 1.8k9. Beyond +12V the device approaches an 

becoaen open circuit, and thus +12V is about the practical limit, see 
Figure 11. 


oe Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 


; ; ; 0269-14 ~ series switch connection (see Detailed Description), while 
Figure 9: Detailed Channel Switch Schematic _ Figure 13 gives the ON resistance variation with tempera- 


ture. 
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C) V4 =#10V, V- =-10V 
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Figure 11: Rpsion) VS Analog Signal Voltage 


NOTE: All typical values have been characterized but are not tested. 
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~Vin +Vin 
— 24 —-22 ~20~ 18 —16 —14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 1 18 2 22 264 
; -2 


-Vour 


Figure 12: MUX Output Voltage vs Input Voltage (Channel 1 Shown; All Channels Similar) 


gnels 


e10V St 
=10V Sighs 


Temperature °C 


Figure 13: Typical rpsion) Variation With Temperature 


NOTE: All typical values have been characterized but are not tested. 
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USING THE 1H5108 WITH SUPPLIES APPLICATION NOTES = 

OTHER THAN +15V Further information may be found in: 

The IH5108 will operate successfully with supply voltages A003 “Understanding and Applying the Analog Switch” 

from +5V to +15V, however rpsion) increases as supply A006 “A New CMOS Analog Gate Technology” 

voltage decreases, as shown in Figure 11. Leakage cur- A020 “A Cookbook Approach to High Speed Data Acquisi- 

rents, on the other hand, decrease with a lowering of supply tion and Microprocessor Interfacing” 


voltage, and therefore the error term product of rps(on) and 
leakage current remains reasonably constant. rpsion) also - 
decreases as signal levels decrease. For high system accu- 
racy [acceptable levels of DS(on)! the maximum input signal 
should be 3V less than the supply voltages. The logic levels 
remain TTL compatible. 


IH5108 APPLICATIONS INFORMATION 


TRUTH TABLE. 


OS 
INVERTER 


ee ee ee ee ee eo 2k oo 2 ap 2 o> I ap IE > EE > TE >) 
= -«-§ ©§ 0O- = © OO =| = OO =| = OC OC 
o}-0+2f0+0T+t O- OO — © 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


—_. 
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Figure 14: 1 of 16 Channel Multiplexer Using Two IH5108s. Overvoitage Protection Is Maintained Between 
All Channels, As Ils Break-Before-Make Switching. 


NOTE: All typical values have been characterized but are not tested. 
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IH5108 APPLICATIONS INFORMATION (Continued) 
—Do— Vi 


+5V +15V 
O O 


Tru CMOS INVERTER 


sD 


TTLICMOS NOR GATE 


7 ANALOG INPUTS 24 


25 ANALOG INPUTS 32 
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TRUTH TABLE 


aoe ee Oodo- HH HH | OOOO 
-=-O0++-00+-+-00+-00 
~~ OwrA Ore OHH CO - 0-00-00 
—a- er er se OoCo0CoOCoOH Ht 0000 
=O" O-vA Of OH] 0240+ 0+-0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


hh heh ah ith at ot OY OO OOO OC OC 
oa ee ee ee Cee Se ee ee er 
ee ee ree a re a a a a a> ae GP IE GD 2 > EE GD EE aD) 


—~tm Oo +007 =+000 4 0 


Figure 15: 1 Of 32 Multiplexer Using 4 1IH5108s and An 1H5053 As A Submultiplexer. 
Note That The IH5053 Is Protected Against Overvoitages By The 1H5108s. 
Submultiplexing Reduces Output Leakage and Capacitance. 


. NOTE: All typical values have been characterized but are not tested. 
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Cia —AARRIS [H5116 
16—-Channe!l Fault Protected 
CMOS Analog Multiplexer 


1H5116 


GENERAL DESCRIPTION FEATURES 

The 1H5116 is a dielectrically isolated CMOS monolithic ®° All Channels OFF When Power OFF, for Analog 
analog multiplexer, designed as a plug-in replacement for Signals Up to +25V 
the HI546 and similar devices, but adding fault protection to © Power Supply Quiescent Current Less Than 1mA 


the standard performance. A unique serial MOSFET switch 


ensures that an OFF channel will remain OFF when the ° £13V Analog Signal Range 


input exceeds the supply rails by up to + 25V, even with the © No SCR Latchup 
supply voltage at zero. Further, an ON channel will be limit- © Break-Before-Make Switching 
ed to a throughput of about 1.5V less than the supply rails, © TTL and CMOS Compatible Strobe.Control 


thus affording protection to any following circuitry such as : : . 
op amps, D/A converters, etc. Cross talk onto “good” SE COMPAURIE: WINN Tae 
channels is also prevented. bd Any Channel Turns OFF If Input Exceeds Supply 


A binary 4-bit address code together with the ENable in- nae Py SP tore 


put allows selection of any channel or none at all. These 5 © TTL and CMOS Compatible Binary Address and 
inputs are all TTL compatible for easy logic interface. The ENable Inputs 

ENable input also facilitates MUX expansion and cascading. 

ORDERING INFORMATION TRUTH TABLE 


Part Temperature 
Package 
Number Range 
IH5116MuJI — 55°C to + 125°C 28 pin | 28pinCERDIP | 


IH5116CJI 0°C to + 70°C 28 pin CERDIP 
1H5116CPI 0°C to + 70°C 28 pin Plastic DIP 


1H5116 


X 
0 
9) 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


—~ == s+ se OOdcdc=aA=a=4 4 O|od#4aocno 
~ - O00 ++}cdcqeo0orf+-o0oe0=+ + © © KK 
=“-O-o0O0O-70+40-4070+40-40 


Logic “1“=Vay22.4V Venn22.4V 
Logic “O“=Va; <0.8V 


TOP VIEW 


V+ COMMON TO SUBTRATE 
Figure 1: Pin Configuration 
(Outline dwg Ji, Pl) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304500-004 


NOTE: All typical values have been characterized but are not tested. 8-117 
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NOTE: All typical values have been characterized but are not tested. 


e e e 
Ay Ay Ay As EN 


4 LINE BINARY ADDRESS INPUTS 
(0001) AND EN = 5V 

ABOVE EXAMPLE SHOWS CHANNELS 9 
TURNED ON. 
_ Figure 2: Functional Diagram 
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IH5116 ° 
= 
a 
t 
ABSOLUTE MAXIMUM RATINGS _ 
Vin (A, EN) toGround ................0- —15Vto +15V Lead Temperature (Soldering, 10 Sec.)............. 300°C 
VgOPVptOVT Lo... cece cc eee eee + 25V to —40V Power Dissipation* 
VSORVGIOV™. gan cues avers seas etneelies —25V to + 40V 28-Pin CERDIP Package** .................. 1200 mW 
VFO Grouni25 vaso ees biainecda ae eaea et awe es 20V 28-Pin Plastic Package*** .............-..-46. 625 mW 
VPt0 Ground cc sied vate ees lotsa ae eh,t.2 —20V *Device mounted with all leads soldered or welded to PC board. 
root seal Lae ee ee Ter Cre Lee 20mA **Derate 16 mW/°C above 75°C 
perating Temperature bes ; ; 
CS iibeae ciate teen ne cee 0°C to +70°C Pa 
WA SUPIM occ se be Ree Oo ole eke —55°C to +125°C NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
= ° may cause permanent damage to the device. These are stress ratings only 
Storage Temperature TiAl te a eee BS 10 F180" and functional operation of the device at these or any other conditions 
Storage Temperature above those indicated in the operational sections of the specifications is not 
CG OUTS 202d oa do dinr dye ous watete —65°C to + 125°C implied. Exposure to absolute maximum rating conditions for extended peri- 
NE SUNG a decrees tieeedenry ch eine aah owes es —65°C to + 150°C ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS § (v+ =15v, v- =—15V, Ven=2.4V, unless otherwise specified.) 


Test Conditions 


Sequence each 1200 11200 
switch on 
VAL DEN; 1200 | 1200 


a Rps(on)max—Rps(on)min 
Rpsvon)avg. 
Vs= +10V 


-_~ 
uw 


° 
o 


Vs=10V, 
Vp= —10V 


I+ 
ol 
a 
oO 


ae 


| 4 |Vp= —10V,Vs=10V 


16 |Vsai)=Vp=10V_ = |Sequence each 
switch on 


I+ 


I+ 


Vat = 0.8V, 


Vgyall) = Vo= — 10V 
io seis VaH=2.4V 


ay 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
(Vt = 15V, V—- = —15V, Ven =2.4V, unless otherwise specified.) (Continued) 


Typ 


| -apelave] rel velare|we 


0.4 


VeEn= +5V, Ao, Ai, Ao Strobed 
Vin= +10V, 
See Figure 6 


0.4 
Ven=OV, R, =2000, CL =3pF, j 60 


Vs =3VRMS, f= 500kHz 


uo) 
pa |e 


FF 
| 


— All Va=0V/5V 
VeEn=5V | 


NOTE: All typical values have been characterized but are not tested. 
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—— 
“qt Cp 


wee. PROBE IMPEDANCE 
gers Rp=1MQ 
Cp S30 pF 


Va 
t, <100ns 
te<100ns 0.8V 


ttrans(16=1) > 


++— $16 ON —> 


=10V 
ttrans(16=1) 


Figure 3: ttransition Switching Test Circuit and Waveforms 


YA 

t, < 100ns 

t, < 100ns 
0.8V 


eo - 
IH51 16 S — Your Ys1 =-2V 


S, ON 


0290-5 
Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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EN 

t, < 100ns 

t,< 100ns 
0.8V 


Vout 


Vsj = -5V 
0290-8 
Figure 5: ENABLE top and toss Switching Test Circuit and Waveforms 


, | Ap» Ay, Aa, Az 
ov aps SEQUENCED 


BREAK=BEFORE 5 INPUT 


MAKE DELAY +10V 


MAKE DELAY 


0290-10 
Figure 6: Break-Before-Make Delay Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The 1H5116, like all Harris multiplexers, contains a set of 
CMOS switches that form the channels, and driver and de- 
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5116 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi- 
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi- 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi- 
plexer systems (see applications section). 


Another, and more important difference lies in the switch- 
ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea- 
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5116 uses a novel series arrange- 
ment of the p- and n-channel switches (Figure 7) combined 
with a dielectrically isolated process to eliminate these 
problems. 


Within the normal analog signal range, the inherent varia- 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog. 
signal approaches either supply rail, even for an ON chan- 
nel, either the p- or the n-channel will become a source 


— 25V 


OVERVOLTAGE D 6S 


N-CHANNEL MOSFET — CG D 
IS TURNED ON 
BECAUSE Vos = + 25V 


P-CHANNEL 
MOSFET IS OFF 


1H5116 


+ 15V 


—15V 


Q3 COMMON 
OUTPUT 


-15V FROM +15V FROM 
DRIVER DRIVER 


0290-11 
Figure 7: Series Connection of Channel Switches - 


follower, disconnecting the channel (Figure 8). Thus protec- 
tion is provided for any input or output channel against over- 
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break- 
down voltage under the various conditions. 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur- 
ring, simply ensure that the ENable pin is LOW any timo tho 
multiplexer supply voltages are missing (Figure 10). 


+ 25V FORCED 
ON: COMMON 
OUTPUT 
LINE BY 
EXTERNAL 
D CIRCUITRY 
N-CHANNEL 


= MOSFET IS OFF 


(a) OVERVOLTAGE WITH MUX POWER OFF 


—18V 


~ 25V 
OVERVOLTAGE 


N-CHANNEL MOSFET ea 
IS TURNED ON 


BECAUSE Ves= + 10V 


DRIVERS 


+ 15V 


-15V 


+25V FORCED 
ON COMMON 
OUTPUT 

LINE BY 
EXTERNAL 
CIRCUITRY 


N-CHANNEL 
MOSFET IS OFF 


~15V FROM +15VFROM P-CHANNEL 
DRIVERS MOSFET IS OFF 


(b) OVERVOLTAGE WITH MUX POWER ON 
Figure 8: Overvoltage Protection 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION (Continued) 
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0290-14 
Figure 9: Detailed Channel Switch Schematic 


MAXIMUM SIGNAL HANDLING 
CAPABILITY | 7 


The 1H5116 is designed to handle signals in the +10V 
range, with a typical Rps(on) of 9000; it can successfully 
handle signals up to +12V, however, Rpsjon) will increase 
to about 1.8k92. Beyond +12V the device approaches an 
open circuit, and thus + 12V is about the practical limit, see 


Figure 11. 


15116 


f 
EN 
INPUT 

0290-15 

Figure 10: Protection Against Logic Input 


Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera- 
ture. 
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Figure 11: Rpsion) VS Analog Signal Voltage 


NOTE: All typical values have been characterized but are not tested. 
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Figure 12: MUX Output Voltage vs Input Voltage (Channel 1 Shown; All Channels Similar) 


NOTE: All typical values have been characterized but are not tested. 
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1H5116 APPLICATIONS 
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Figure 13: Typical Rps(on) Variation with Temperature 


NOTE: Ail typical values have been characterized but are not tested. 
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1H5116 


IH5116 


1H5116 APPLICATIONS (Continued) 


TRUTH TABLE. TRUTH TABLE 


[As | As | Ao | Ar | Ao | ONSWITCH | ps | As | Az | Ar | Ao | ONSWITCH | 
0 0 0 S1 1 0 0 0 0 
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Figure 15: 1 of 32 Channel Multiplexer Using 2 1H5116’s and an 1H5041 for Submultiplexing 


NOTE: All typical values have been characterized but are not tested. 
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1H5116 


1H5116 


145116 APPLICATIONS (Continued) 


TRUTH TABLE TRUTH TABLE 


| Aa | As | Az | Ar | Ao | ONSWITCH PAs | As | Az | Ai | Ao | ONSWITCH 
S1 1 
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Figure 16: 1 of 32 Channel Multiplexer Using 2 1H5116’s 


NOTE: All typical values have been characterized but are not tested. 
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1H5116 APPLICATIONS (Continueg) 


1H5116 


1H5116 
1 OUT OF 16 
MUX 


ANALOG INPUTS 


1H5116 
1 OUT OF 16 © 
MUX 


ANALOG INPUTS 


IH5053 


IH5116 
1 OUT OF 16 
MUX 


ANALOG INPUTS 


1H5116 
1 OUT OF 16 
MUX 


ANALOG INPUTS 


Figure 17: 1 of 64 Multiplexer Using 4 1/16s and 1H5053 As Submultiplexer 


General note on expandability of 1H5116 


Figures 15, 16, and 17 show how the IH5116 can be ex- 
panded. 


Figure 15 shows a 1 of 32 multiplexer, using 2 IH5116s. 


Figure 16 shows the 1 of 32 MUX of Figure 15, with a 
second tier of submultiplexing added to further reduce leak- 
age and output capacitance. The IH5041 has typical ON 
resistances of 502 (max. is 752) so it only increases thru- 
put channel resistance from the 9002 of Figure 15 to about 
9502 for Figure 16. 


Figure 17 shows a 1 of 64 MUX using 2 tier MUXing (simi- 
lar to Figure 16). The Vout point will see 15 OFF channels 
and 1 ON channel at any one time, so that the typical leak- 
ages will be about 0.05 nA. Throughput channel resistance 
will be in the 950 range. 


USING THE 1H5116 WITH SUPPLIES 
OTHER THAN +15V 


The 1H5116 will operate successfully with supply voltages 
from +5V to +15V, however, rpgion) increases as supply 


NOTE: All typical values have been characterized but are not tested. 


8-129 


voltage decreases, as shown in Figure 11. Leakage cur- 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rpsjon) and 
leadkage current remains reasonably constant. rpsion) also 
decreases as signal levels decrease. For high system accu- 
racy [acceptable levels of rpson)] the maximum input signal 
should be 3V less than the supply voltages. The logic levels 
remain TTL compatible. 


APPLICATION NOTES 


Further information may be found in: 


A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 
A020 ‘A Cookbook Approach to High Speed Data Acquisi-. 


tion and Microprocessor Interfacing” 


“Reduce CMOS Multiplexer Troubles Through Prop- 
er Device Selection” 


R009 


1H5116 


IH5208 


GENERAL DESCRIPTION 


The 1H5208 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI549 and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to + 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit- 
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, D/A converters, etc. 


A binary 2-bit address code together with the ENable in- 
put allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic inter- 
face; the ENable input also facilitates MUX expansion and 
cascading. 


ORDERING INFORMATION 


Range 


IHS208MJE | —55°Cto +125°C | 16 pin CERDIP 
IH5208IJE —25°C to +85°C 16 pin CERDIP 
IH5208CPE 0°C to 70°C 16 pin plastic DIP 


2 LINE BINARY ADDRESS INPUTS 

(0 0) AND EN = 1 

ABOVE EXAMPLE SHOWS CHANNELS 1a AND 1b ON 
Figure 1. Functional Diagram 


IH5208 


4-Channel Differential 
Fault Protected 
CMOS Analog Multiplexer 


FEATURES 

© All Channels OFF When Power OFF, for Analog 
Signals Up to + 25V 

© Power Supply Quiescent Current Less Than 1A 

@ +13V Analog Signal Range 

® No SCR Latchup 

® Break-Before-Make Switching 

® TTL and CMOS Compatible Strobe Control 

© Pin Compatible With HI549 


® Any Channel Turns OFF If Input Exceeds Supply 
Rails by Up to +25V 


© TTL and CMOS Compatible Binary Address and 
ENable Inputs : 


TRUTH TABLE 


On Switch 
Pair 


Ao, Ai, EN 
Logic “1“=Vay22.4V 
Logic “O“=Va, <0.8V 


V+ Common to Substrate 
TOP VIEW 
Figure 2: Pin Configuration 
(Outline dwg JE, PE) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE. All typical values have been characterized but are not tested. 
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IH5208 °2 
© 
N 
i 
ABSOLUTE MAXIMUM RATINGS = 
Vin (A, EN) to Ground .................4.. —15V, +15V Storage Temperature 
VEORVE ION. ut Onent cacepieae tates +25V, —40V CO SUTIK 23.24 ol Grown cab omee ecm res —65°C to + 125°C 
VEOrVylOV  yiccdeeoveienteotawuaeewks —25V, + 40V | CoM SUNK 424 thee soared oul ews — 65°C to + 150°C 
VF 40 GIOUnG <acxsinedaerescne Were ea eee es 20V Lead Temperature (Soldering, 10 sec).............. 300°C 
V>-AO GIOUNG 3262255 sin te Beebe ee eee ewes —20V Power Dissipation* 
Current (Any Terminal) ........... 0. cee eee eee eee 20mA CERDIP Package? iy susan hod eed eacecnas ees 900 mW 
Operating Temperature Plastic Package**” 0664225560 5506 cas aeadenss 470 mW 
C Suffix LEE Dea Dy Hy aah leo ee nes oc to + 70°C *Device mounted with all leads soldered or welded to PC board. 
ee pecans iia aces e sere oe iiacuia 15 WRG mRS SEG 


***Derate 6.3 mW/°C above 75°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS §v+ =15v, vV- = —15V, Ven=2.4V, unless otherwise specified. 


Max Limits 
eaganaitians Typ |__MSuttix | Suttix | 
25°C —25°C/ 85°C/ 
0°C 70°C 


YO 10% Sequence each 1200 11200] 1800! 1500 |1500/ 2000 
Is=—100pA switch on Q 
a ea 1200 11200] 1800} 1500 11500] 2000 
Is= —100nA 


Rps(on)max— Rps(on)min 
| i 


Rps(on avg. 
+10V ei 


+ 


aR 


| 4 (Vp=—10V,Vg=10V 


ID(on) Vs(All) =Vp=10V = |Sequence each 
switch on 
Pe Vgiall = Vp = —10V |VAL=0.8V, 
Ss 


H- 


a 


Vsupp= OV, Vin= +25V, 
VeEn=Vo=OV, Ao, Ay, Ao = 0V 


+ 


I+ 


lEN(on) lA(on) or Ao; A1, Ago 
lEN(off) !A(oft) E 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
Vt =15V, V—- = —15V, Ven = 2.4V, unless otherwise specified. (Continued) 


Max a ee 


Test Conditions. typ|_MSuffix | 


25°C —20°C Fee, 
orc 70°C 


DYNAMIC 


transition 
See Figure 5 


Ven= +5V, Ao, Ay, Aa Strobed 1 
Vin= +10V, 
See Figure 6 


Ven= OV, R, =2000, Ci = 3pF, 
~s 3VRMS, f = 500kHz 


Vs=0v|Vew=0v, | 5 | 
25 
ae 


on-tot¢ Break- 
Before-Make . 


= 140kHz 
V 
Np=ov 
Vs=OV, Vp=0V | 


Current Pate te: | ad All Va =0V/5V 0.02| 


Note 1. Readings taken 400ms after the overvoltage occurs. 


SWITCHING INFORMATION. 


0293-3 
Figure 3: transition Switching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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iH5208 


SWITCHING INFORMATION. (Continued) 


+ 3.0V 
Va + 0.8V 450%" 50% 
SWITCH OUTPUT ' 
VOUT 0 
0.9Vo 
Vo 
Vs 


— topen ate 


0293-5 
Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 


+3V 
Ven 
ty AND t; < 100ns 


ov 
0.1Vo 


SWITCH OUTPUT 
Vout 


0293-7 
Figure 5: Enable toy and toe Switching Test Circuit and Waveforms 


BREAK-BEFORE 
MAKE DELAY —— 


Vout 


0293-9 


Figure 6: Break-Before-Make Delay Test Circuit and Waveforms 


NOTE: All typical values have been characterized. but are not tested. 
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IH5208 


DETAILED DESCRIPTION 


The 1H5208, like all Harris’ multiplexers, contains a set of © 


CMOS switches that form the channels, and driver and de- 
coder circuitry to control which channel turns ON, if any. In 
addition, the 1H5208 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi- 
cal in operation to the Address inputs. This does away with 


‘the special conditions that many multiplexer enable inputs 


require for proper logic swings. The identical circuit condi- 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi- 
plexer systems (see applications section). 

Another, and more important difference lies in the switch- 


ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea- 


sonably good ON resistance characteristics and allows the — 


switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5208 uses.a novel series arrange- 
ment of the p- and n-channel switches (Figure 7) combined 


with the dielectrically isolated process to eliminate these 


problems. 


~18V +15V 


SIGNAL ,~ Qy Q2 COMMON 
INPUT OUTPUT 


=. 


-15V FROM +15V FROM 


DRIVER DRIVER 


0293-11 
Figure 7: Series Connection of Channel Switches 


Within the normal analog signal range, the inherent varia- 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan- 


nel, either the p--or the n-channel will become a source 


follower, disconnecting the channel (Figure 8). Thus protec- 
tion is provided for any input or output channel against over- 
voltage, even imthe-absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break- 
down voltage under the various conditions. 


NOTE: All typical values have been characterized but are not tested. 


IH5208 


+25V FORCED 
ON COMMON 


— 25V | Qy -25V | Q2 
OVERVOLTAGE D 6S 


N-CHANNEL MOSFET Ta D “To 
IS TURNED ON 
BECAUSE Ves = + 25V N-CHANNEL 
= = =  _MOSFETIS OFF 
P-CHANNEL 
MOSFET IS OFF 


CIRCUITRY 


0293-12 
(a) OVERVOLTAGE WITH. MUX POWER OFF 


-15V + 15V = 15V 


‘+ 25V FORCED 
ON COMMON 
OUTPUT 

LINE BY 
EXTERNAL 
CIRCUITRY 


N-CHANNEL 
MOSFET IS OFF 
-15V FROM +15VFROM P-CHANNEL 

DRIVERS DRIVERS MOSFET IS OFF 


— 25V 
OVERVOLTAGE 


N-CHANNEL MOSFET - 
1S TURNED ON 


BECAUSE Ves = + 10V 


0293-13 
(b) OVERVOLTAGE WITH MUX POWER ON 


Figure 8: Overvoltage Protection 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur- 
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 


IH5208 


IH5208 
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Figure 10: Protection Against Logic input 


O 
-15V 


DECODER MAXIMUM SIGNAL HANDLING 
CAPABILITY 
The IH5208 is designed to handle signals in the +10V 
0293-14 range, with a typical rpsion) of 900M; it can successfully 
Figure 9: Detailed Channel Switch Schematic handle signals up to + 12V, however, rps(on) will increase to 


about 1.8kM. Beyond +12V the device approaches an 
open circuit, and thus +12V is about the practical limit, see 
Figure 11. 


Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera- 
ture. 
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Figure 11: Rpsion) VS Analog Signal Voltage 


NOTE: All typical values have been characterized but are not tested. 
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IH5208 


—ViN : +ViN 
— 24 —22 ~20-18 -16 —14 -12 -10 -8 -6 -4 -2 8 10 12 14 16 18 20 22 24 


~-Vout 


Figure 12: MUX Output Voltage vs Input Voltage Channel 1 Shown; All Channels Similar 


Ros(on) 
(Ohms) 


Temperature °C 


Figure 13: Typical Rpsion) Variation with Temperature 


NOTE: All typical values have been characterized but are not tested. 
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USING THE 1H5208 WITH SUPPLIES 
OTHER THAN +15V 


The IH5208 will operate successfully with supply voltages 
from +5V to +15V, however rpgion) increases as supply 
voltage decreases, as shown in Figure 11. Leakage cur- 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rpgyon) and 
leakage current remains reasonably constant. rpgion) also 
decreases as signal levels decrease. For high system accu- 
racy [acceptable levels of rps(ony) the maximum input signal 
should be 3V less than the supply voltages. The logic 
thresholds remain TTL compatible. 


IH5208 APPLICATIONS INFORMATION 


IH5208 


APPLICATION NOTES 


Further information may be found in: 
A003 “Understanding and Applying the Analog Switch” 
A006 “A New CMOS Analog Gate Technology” 


A020 “A Cookbook Approach to High Speed Data Acquisi- 
tion and Microprocessor Interfacing”’ 


TRUTH TABLE 
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Figure 14: 2 of 16 Channel Multiplexer Using Two IH5208s. Overvoltage Protection and 
Break-Before-Make Switching Are Extended to All Channels. 


NOTE: All typical values have been characterized but are not tested. 
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IH5208 APPLICATIONS INFORMATION (Continued) 
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Figure 15: Submultiplexed 2 of 32 System. The Two 1H5043s Are Overvoitage Protected By The IH5208s. 
Submultiplexing Reduces Output Capacitance and Leakage Currents. 


NOTE: All typical values have been characterized but are not tested. 
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i HARRIS IH5216 
Se ten er ara 8—Channel Differential 
Fault Protected 

CMOS Analog Multiplexer 


IH5216 


GENERAL DESCRIPTION FEATURES 

The 1H5216 is a dielectrically isolated CMOS monolithic © All Channels OFF When Power OFF, for Analog 
analog multiplexer, designed as a plug-in replacement for Signals Up to +25V 
the HI547 and similar devices, but adding fault protection to ® Power Supply Quiescent Current Less Than 1mA . 


the standard performance. A unique serial MOSFET switch 


ensures that an OFF channel will remain OFF when the * £13V Analog Signal Range 


input exceeds the supply rails by up to + 25V, even with the © No SCR Latchup «: 
supply voltage at zero. Further, an ON channel will be limit- ® Break-Before-Make Switching . 
ed to a throughput of about 1.5V less than the supply rails, © TTL and CMOS Compatible Strobe Control. 


thus affording protection to any: following circuitry such as . ; ; 
op amps, D/A converters, etc. Cross talk onto “good” Te COMpallpie neh rens 
channels is also prevented. e Any Channel Turns OFF If Input Exceeds Supply 


A binary 3-bit address code together with the ENable in- malls Sy VPto:7 e2¥ 


put allows selection of any channel pair or none at all. © TTL and CMOS Compatible Binary Address and 
These 4 inputs are all TTL compatible for easy logic inter- ENabie Inputs 

face. The ENable input also facilitates MUX expansion and 

cascading. 

ORDERING INFORMATION TRUTH TABLE 


Temperature On Switch 
Package ; 
Range Pair 


—55°C to +125°C *| 28 pin CERDIP x x x 0 NONE 
0°C to +70°C 28 pin CERDIP 0 0 0 1 1 
0 0 1 1 2 
0°C to + 70°C 28 pin Plastic DIP : 3 
0 1 1 1 4 
1 0 0 1 5 
1 0 1 1 6 
1 1 0 1 7 
1 1 1 1 8 


Logic ‘1 =Vay2 2.4V Veny2 2.4V 


Logic “o" = VAL < 0.8V 8 


0294-1 


V+ Common to Substrate - 


Figure 1: Pin Configuration 
(Outline dwgs JI, Pl) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 8-139 


IH5216 


e 
EN (ENABLE INPUT) 


3 LINE BINARY ADDRESS INPUTS 
(0 0 0) AND EN =5V 
ABOVE EXAMPLE SHOWS CHANNELS 1a AND 1b ON. 


Figure 2: Functional Diagram 


.. NOTE: All typical values.have been characterized but are not tested. 
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 1H5216 


IH5216 ° 
- 
N 
DU 
ABSOLUTE MAXIMUM RATINGS = 
Vin (A, EN) to Ground .................. —15V to + 15V Storage Temperature 
Ve-0F Vp IOV iene sutdecynad tease: + 25V to —40V CSUN 2csaeh wossoe cali tiab iets —65°C to + 125°C 
VSOR VD 10M soe rrend ete donee — 25V to + 40V MISUNIX v2) Veewits toate Gores: —65°C to + 150°C 
ME AO OPOUNG 6.4 6055 55 VA Bit Raced bbe alan’ goebien ds 20V Lead Temperature (Soldering, 10 sec) ............. 300°C 
ViSHiOsGIOUund S24 e einer ug ewleh bean eeu rameloe —20V Power Dissipation* 
Current (Any Terminal) ............ 0.2... cee eeeee 20mA 28-Pin CERDIP Package** .................. 1200mW: 
Operating Temperature 28-Pin Plastic.Package*** ...............006- 625mW 
C Suffix 6.6... e eee eee eee O°C to + 70°C "Device mounted with all leads soldered or welded to PC board. 
IM SURI «42 oce iar tala are ens — 55°C to + 125°C 


**Derate 16mW/°C above 75°C 
***Derate 8.3mV/°C above 75°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (vt =15v, v-=—15V, Ven=2.4V, unless otherwise specified.) 


Test Conditions 


D 16 |Vp=10V, Sequence each 
Is= —100pA switch on 
Vp= —10V 
Is= —100pA 


Rps(on)max—Rps(on)min 
Rps(on)avg. 
Vs=+10V 
Vs=10V, 
Vp= —10V 


Sequence each 
switch on 

Vat = 0.8V, 
VaH = 2.4V 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 


(V+ =15V, V—- = —15V, Ven =2.4V, unless otherwise specified.) (Continued) 


Test Conditions 


Ven= +5V, Ao, Aq, Ao Strobed 
Vin= +10V. 
See Figure 6 


ton-tott Break- 
Before-Make 
Delay Settling 


EN= OV, RL=2009, CL = 3pF, 
Vs=3VRMS, f= 500kHz 


Vg=0V, Vp =0V 


All Va =0V/5V 
Ven=5V 


NOTE: All typical values have been characterized but are not tested. 
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IH5216 


PROBE IMPEDANCE 
Rp = 1MQ 


Va 
t,<100ns 50% 
te<100ns om 


ttrans(16-1) > 


}++— S16 ON —>| 1~—— $1 ON —>| +—S16 ON —> 


+9V 
ttrans(1-16) 


-10V 
ttrans(16=1) 


Figure 3: ttransition SWitching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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IH5216 
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=. S2a THRU Sa, t, < 100ns 
Sib THRU S7b ty < 100 ns 


0.8V 


Ve, ==2V 
Vout —= 


S1 ON 


topen 


Figure 4: topnen (Break-Before-Make) Switching Test Circuit and Waveforms 


1H5216 


Voy ==SV 


Figure 5: Enable t,, and tors Switching Test Circuit and Waveforms 


INPUT < 10ns 


+3V 


An, Ay A 
4 0192 
ov is SEQUENCED 


BREAK=BEFORE 
1H5216 MAKE DELAY INPUT 
+10V 


Vout BREAK~BEFORE 
MAKE DELAY 


Figure 6: to, and tose (Break-Before-Make) Delay Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The 1H5216, like all Harris’ multiplexers, contains a set of 
CMOS switches that form the channels, and driver and de- 
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5216 contains an internal regulator which 
provides a fully TTL compatibJe ENable input that is identi- 
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi- 
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi- 
plexer systems (See applications section). 


Another, and more important difference lies in the switch- 
ing channel. Previous devices have used parallel n- and p- 
channel MOSFET switches. While this scheme yields rea- 
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5216 uses a novel series arrange- 
ment of the p- and n-channel switches (Figure 7) combined 
with the dielectrically isolated process to eliminate these 
problems. 


+15V 


SIGNAL COMMON 
INPUT OUTPUT 


=. 


-15V FROM +15V FROM 
DRIVER DRIVER 


0294-11 
Figure 7: Series Connection of Channel Switches 


Within the normal analog signal range, the inherent varia- 
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan- 
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec- 
tion is provided for any input or output channel against over- 
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break- 
down voltage under the various conditions. 


NOTE: All typical values have been characterized but are not tested. 
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0294-12 
(a) OVERVOLTAGE WITH MUX POWER OFF 


—18V -15V 


+ 25V FORCED 
ON COMMON 
- 25V OUTPUT 
OVERVOLTAGE LINE BY 


EXTERNAL 
CIRCUITRY 
N-CHANNEL MOSFET N-CHANNEL 
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BECAUSE Vas=+10V 0 _isyEROM +15VFROM P-CHANNEL 
DRIVERS DRIVERS MOSFETIS OFF 


0294-13 
(b) OVERVOLTAGE WITH MUX POWER ON 


Figure 8: Overvoltage Protection 


Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur- 
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 


IH5216 


een Sh. 


rane pe 


—- 15V 


FROM 
DECODER 


0294-14 
Figure 9: Detailed Channel Switch Schematic 


INPUT 


0294-15 
Figure 10: Protection Against Logic Input 


NOTE: Alf typical values have been characterized but are not tested. 
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IH5216 


MAXIMUM SIGNAL HANDLING 
CAPABILITY 


The IH5216 is designed to handle signals in the +10V 
range, with a typical rps(on) Of 900M; it can successfully 
handle signals up to + 12V, however, rpsion) will increase to 
about 1.8k92. Beyond +12V the device approaches an 
open circuit, and thus + 12V is about the practical limit, see 
Figure 11. 


Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera- 
ture. 


USING THE IH5216 WITH SUPPLIES 
OTHER THAN = 15V 


The IH5216 will operate successfully with supply voltages 
from +5V to +15V, however rpgion) increases as supply 
voltage decreases, as shown in Figure 11. Leakage cur- 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rps(on) and 
leakage current remains reasonably constant. rpsgjon) also 
decreases as signal levels decrease. For high system accu- 
racy [acceptable levels of rps(on)] the maximum input signal 
should be 3V less than the supply voltages. The logic 
thresholds remain TTL compatible. 
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NOTE: All typical values have been characterized but are not tested. 
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1H5216 


“Vin 


-24 -22 -20 -18 3-16 -14 -12 -10 <8 ~6 


“Vout 
0294-17 


. Figure 12: MUX Output Voltage vs Input Voltage Channel 1 Shown; All Channels Similar 


NOTE: All typical values have been characterized but are not tested. 
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Figure 13: Typical Rpsion) Variation vs Temperature 


NOTE: All typical values have been characterized but are not tested. 
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IH5216 


IH5216 APPLICATIONS 


1H5216 


$a S16a $9b $16b 
Figure 14: 2 of 32 Channel Multiplexer Using 2 IH5216s 
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Figure 15: 2 of 32 Multiplexer Using Two 1H5216s, and An 1H5043 for Submultiplexing 


NOTE: All typical values have been characterized but are not tested. 
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General note on expandability 


Figures 14, 15, and 16 show how the 1IH5216 is expand- 
ed. Figure 14 shows a 2 of 32 multiplexer, using 2 IH5216s. 
Corresponding output points of each of the IH5216s are 
connected together, and the ENable input strobe is used as 
the Ag input. Since each output (pins 2 and 28) corresponds 


1H5216 


to an “ON” FET and an “OFF” FET, the overall system 
looks like 1 “ON” FET and 7 “OFF” FETs for each of the 
Vouti and Voyt2 outputs. Thus the output leakage will be 1 
ID(on) Plus 7 Ip(offyS or about 0.45nA at room temperature. 
Throughput speed will be typically 0.6us for to, and 0.45 
for tof, with throughput channel resistance in the 9500 
area. 


IH5216 


1H5216 


S8a_ Stb 


$32a_S25b 


Figure 16: 2 of 64 Multiplexer Using 4 1IH5216s and 2 IH5043s as Submultiplexers 


NOTE: All typical values have been characterized but are not tested. 


1H5216 


Figure 15 shows the 2 of 32 MUX, with a second tier of 
submultiplexing added to reduce leakage and output capac- 
itance. The IH5043 has typical ON resistance of 509 (max. 
is 752) so it only increases throughput channel resistance 
from the 900 ohms of Figure 14 to about 950 ohms for 
Figure 15. Throughput channel speed is a little slower by 
about 0.5ys for both ON and OFF time, and output leakage 
is about 0.2nA. 


Figure 16 shows a 2 of 64 MUX using 2 tier MUXing (simi- 
lar to Figure 15). The IH5043 is used for the second tier of 
MUxXing. Each Voyt point will see 7 OFF channels and 1 ON 
channel at anytime, so that the typical leakages will be 
about 0.45nA. Throughput channel resistance will be in the 
950 area and throughput switching speeds about 1.35 
for ON time and 0.8us for OFF time. 


The 1H5043 was chosen as the second tier of the MUX 
because it will switch the same AC signals as the 5216 (typi- 
cally plus and minus 15V) and uses break before make 
switching. Also power supply quiescent currents are typical- 
ly 1-2A so that no excessive system power is generated. 


Note that the logic of the 5043 is such that it can be tied 


directly to the ENable input (as shown in the figures) with no 
extra logic being required. 


NOTE: All typical values have been characterized but are not tested. 
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1H5216 


Enable input strobing levels 


The ENable input acts as an enabling or disabling pin for 
the 5216 when used as a 2 out of 16 channel MUX, howev- 
er when expanding the MUX to more than 16 channels, the 
EN pin acts as another address input. Figures 14 and 15 
show the EN pin used as the Ag input. TTL and the Enable 


_input is CMOS compatible. 


APPLICATION NOTES 


Further information may be found in: 


A003 “Understanding and Applying the Analog Switch” 

A006 ‘A New CMOS Analog Gate Technology” 

A020 ‘A Cookbook Approach to High Speed Data Acquisi- 
tion and Microprocessor Interfacing” 

ROO9 ‘Reduce CMOS Multiplexer Troubles through Proper 


Device Selection” 


Gq HARRIS 


GENERAL DESCRIPTION 


The 1IH6108 is a CMOS one of 8 multiplexer. The part is a 
plug-in replacement for the DG508A. Three line decoding is 
used so that the 8 channels can be controlled by 3 Address 
inputs; additionally a fourth input is provided for use as a 
system enable. When the ENable input is high (5V), a chan- 
nel is selected by the three Address inputs, and when low 
(OV) all channels are off. The 3 Address inputs are TTL and 
CMOS logic compatible, with a “1” corresponding to any 
voltage greater than 2.4V. 


ORDERING INFORMATION 


Part Temperature pucuaee 
Number Range g 
IH6108MJE — 55°C to + 125°C 16 pin | 46 pinCERDIP 
IH6108CJE 0°C to 70°C 16 pin CERDIP 


IH6108CPE 0°C to 70°C 16 pin plastic DIP 


Ay Ay Ap EN 


3 LINE BINARY ADDRESS INPUTS 
(1 0 1) AND EN @ 5V 
ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON. 


Figure 1: Functional Diagram 


1H6108 
8-Channel CMOS 
Analog Multiplexer 


FEATURES 
¢ Ultra Low Leakage — Ipioff)< 100pA Typical 


* rps(on) < 400 Ohms Over Full Signal and Temperature 
Range 


© Power Supply Quiescent Current Less Than 100,A . 
@ +14V Analog Signal Range 

@ No SCR Latchup 

® Break-Before-Make Switching 


® Binary Address Control (3 Address Inputs Control 8 
Channels) 


® TTL and CMOS Compatible Strobe Control 
© Pin Compatible With DG508A, HI-508 & ADG508A 
® Internal Diode In Series With V+ for Fault Protection 


TRUTH TABLE 


a et oS Ht OO OO 
=a-_- OO =— OO xX 
- O - O+-' O +- CO x 
OnN Onl OND — 


Ao, Ai, A2 
Logic “1° =Vay22.4V, Veny24.5V 
Logic “O“=Va, <0.8V 


1H6108 | 


Figure 2: Pin Configuration 


IH6108 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 305530-—004 
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NOTE: All typical values have been characterized but are not tested. 


IH6108 


ABSOLUTE MAXIMUM RATINGS 


lH6108 


) 


Cr 


Vin (A, EN) to Ground ....... conta aria —15V to 15V Lead Temperature (Soldering, 10 sec) 
VoiOF Vig tO. 4 chow necnedicaanins Sanuenuedoes 0, —36V Power Dissipation* 
VeOrVO1O Va" esnnkes oak eteeadecteeeehew se 0, 36V CERDIP Package** .............. 
V+ to ele tetettee segraterare acetes ha dtede ste eee ey Plastic Package*** .............. 
a 7 SECT A tik aC ee * Device mounted with all leads soldered or welded to PC 
ist a tee al Deed tealteat ae antes te board ' 

Current (Analog Source or Drain) ................. 20 mA = 2 P 
Operating Temperature Derate 12 mW/°C above 75°C 

GC SUH eaS nohereena ¥baiepeneSenis wo... OC to +70°C *** Derate 6.3 mW/°C above 75°C 

M SUI eisc4 cu diesutdsestaneteees — 55°C to + 125°C | 
Storage Temperature..................... —65 to 150°C 

CO SUNK a vacate eeiwiseeeeiiences —65°C to + 125°C 

MS SURIX:< bso alae ta ekewe kk weeeeee ~65°SC to + 150°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 


maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
V+ =15V, V- = —15V, Ven= + 5V (Note 1), Ground= OV, unless otherwise specified. 


Max Limits 


Test Conditions 


Sequence each switch on 
ee oe a 
2 Absen= “peter es Ros(on)min Vg= £10V 

DS(on)avg. 
jo.o02|Vs=10V,Vp=-10v | 
0.002|Vs=-10V, Vp=10V_| 
V 


+ | 
— 
21S 


= ae 
= Ea 

Ven=0.8V a 
bese 
eae 

pad 

= = 

ae 

ae 

az 


He | lt 
— fa 
oOo };O 


+ 
Oo 


Lot Vs(ALL) = Vp = 10V Sequence each switch on 
Vs(ALL)=Vo= —10V Va = 0.8V, Van = 2.4V 


Ao ArorAg| 3 [001|Va=ov | 
Inputs 01 |Va=14V and 
01 All Va = OV (Address pins) 


i) 


aul 


oO 


os [oor CSS 
fo2|score¢ 


a 
oe ie 
Spe 
a 
El 


= Ven = O*V, f = 140KHz to 
1MHz 
| 1 [¥s=0V, Vo= ov a 


NOTE 1: See “Enable input Strobing Levels”, in Application Section. 


NOTE: All typical values have been characterized but are not tested. 
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1H6108 


ELECTRICAL CHARACTERISTICS (Continued) 
Vt =15V, V- = —15V, Ven= + 5V (Note 1), Ground=OV, unless otherwise specified. 


Max Limits 


Characteristic Test Conditions 


SUPPLY 


Current 


Standby 
Current 


SWITCHING INFORMATION 


Va 
tr < 100ns 
tr < 100ns 


ttrans(8-1) 


1H6108 
}~<<—S8 ON—»- 


Vout 
Vs1 = -10V 
Vse = +10V 


PROBE IMPEDANCE 
Rp 21M 


Cp < 30pF 
Figure 3: ttransition Switching Test Circuit and Waveforms 


VA 
tr < 100ns 
tr < 100ns 


1H6108 


Figure 4: tonen (Break-Before-Make) Switching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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IH6108 


l1H6108 


VEN 
tr < 100ns 
tt < 100ns 


0.8V 


tEN(off) 


10% 


tEN(on) 


Figure 5: ton and toe Switching Test Circuit and Waveforms 


IH6108 APPLICATION INFORMATION 
ENable Input Strobing Levels 


The ENable input on the 1H6108 requires a minimum of 
+ 4.5V to trigger to the “1” state and a maximum of + 0.8V 
to trigger to the ‘‘O” state. If the ENable input is being driven 
from TTL logic, a pull-up resistor of 1k to 3k is required 
from the gate output to +5V supply. (See Figure 6) 


DM7404N | | 1H6108 - 
TTL LOGIC 


Figure 6: ENable Input Strobing from TTL Logic 


When the EN input is driven from CMOS logic, no pullup is necessary, see Fig. 7. 


NOTE: All typical values have been characterized but are not tested. 
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1H6108 APPLICATION INFORMATION (Continued) 


1H6108 


0297-10 


Figure 7: ENable:Input Driven from-CMOS Logic 


The supply voltage of the CD4009 affects the switching 
speed of the IH6108; the same is true for TTL supply volt- 
age levels. The following chart shows the effect, on ttrans 
for a supply varying from +4.5V to + 5.5V. 


CMOS or TTL Typical ttrans 
Supply Voltage @ 25°C 
+4.5V 400ns 
+4.75V 300ns 
+5.00V 250ns 
+5.25V 200ns 
+5.50V 175ns 


The throughput rate can therefore be maximized by using 
a +5V to +5.5V supply for the ENable Strobe Logic. 


The examples shown in Figures 6 and 7 deal with ENable. 


strobing when expansion to more than eight channels is 
required. In these cases the EN terminal acts as a fourth 
address input. If eight channels or less are being multi- 
plexed, the EN terminal can be directly connected to + 5V 
logic supply to enable the 1H6108 at all times. 


Using the IH6108 with supplies other 
than +15V 


The !IH6108 can be used with power supplies ranging 
from +6V to + 16V. The switch rpgion) will increase as the 


NOTE: All typical values have been charactenzed but are not tested. 
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supply voltages decrease, however, the multiplexer error 


term (the product of leakage times rpsjon)) will remain ap- 


proximately constant since leakage decreases as the sup- 
ply voltages are reduced. 


Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below Vt at all times. If this is not 
done, the Address input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V+ (pin 13) via a silicon diode as shown in 
Figure 8. When using this type of configuration, a further 
requirement must be met: the strobe levels of AO and A1 
must be within 2.5V of the EN voltage in order to define a 


binary ‘‘1” state. For the case shown in Figure 8 the EN. 


voltage is 11.3V which means that logic. high at AO and A1 
is= + 8.8V (logic low continues to be =0.8V). In this config- 
uration the IH6108 cannot be driven by TTL (+5V) or 
CMOS (+ 5V) logic. It can be driven by TTL open collector 
logic or CMOS logic with + 12V supplies. 


If the logic and the IH6108 have common supplies, the 
EN pin should again be-connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di- 
rectly will not work since it violates the 0.7V differential volt- 
age required between Vt and EN, (See Figure 9). A 1uF 
Capacitor can be placed across the diode to minimize 
switching glitches. 


_1H6108 


IH6108 


IH6108 


1H6108 APPLICATION INFORMATION (Continued) 


INPUTS 


0297-11 
- Figure 8: |H6108 Connection Diagram for less than + 15V Supply Operation 


1N914 OR ANY SILICON DIODE 


CD4009A 


2. oe | 7 7 | | a 9297-12 
Figure 9: IH6108 Connection Diagram with ENable Input Strobing for less than + 15V Supply Operation 


Peak-to-Peak Signal Handling Capability The electrical specifications of the IH6108 are guaran- 
The IH6108 can handle input signals up to + 14V (actual- teed for + 10V signals, but the specifications have very mi- 


é nor changes for +14V signals. The notable changes are 
ly —15V to +14.3V because of the input protection diode) aes: 
when using +15V supplies. slightly lower fps(on) and slightly higher leakages. 


NOTE: All typical values have been characterized but are not tested. 
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IH6108 APPLICATIONS INFORMATION 


TRUTH TABLE 


CMOS 


INVERTER IH6 108 


S16 Sg 


0297-13 


NOTE: TTL inverter must have pullup resistor to +5V to drive EN 
input. 
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Figure 10: 1 of 16 Channel Multiplexer Using Two IH6108’s. Overvoltage Protection Is 
Maintained Between All Channels, As Is Break-Before-Make Switching. 


NOTE: All typical values have been characterized but are not tested. 
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IH6108 APPLICATIONS INFORMATION 


—Do- 


TTL/CMOS INVERTER 


ed IH6108 


TTL/CMOS NOR GATE 1 OUT OF 8 
A3 e 


8 


| ANALOG INPUTS 


IH6108 
1 OUT OF 8 


ANALOG INPUTS ue 


IH6108 
1 OUT OF 8 


ANALOG INPUTS 24 


1H6108 
1 OUT OF 8 
MUX 


25 32 
ANALOG INPUTS — 45v #15V -15V 
NOTE: TTL NOR gate must have pullup resistor to +5V to drive EN inputs. 


TRUTH TABLE TRUTH TABLE 
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Figure 11: 1 of 32 Multiplexer Using 4 IH6108s and Two IH5053’s As A Submultiplexer 


NOTE: All typical values have been characterized but are not tested. 
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1H6108 


1) Ag’ or Ag’ 
2) Ay’ or Ay’ 
3) Ao’ or Ao’ 
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Figure 12: 1H6108 Schematic Diagram 


NOTE: All typical values have been characterized but are not tested. 
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IH6108 


aa 


Figure 13: Enable Input and Level Shifter 


Figure 14: Address Input and Level Shifter 


NOTE: All typical values have been characterized but are not tested. 


8-162 


lH6108 


Ris 


SEMICONOUCTOR 


uD 


GENERAL DESCRIPTION 


The IH6208 is a 2 of 8 CMOS multiplexer. The part is a 
plug-in replacement for the DG509A. Two line binary decod- 
ing is used so that the 8 channels can be controlled in pairs 
by the binary inputs; additionally a third input is provided to 
use as a system enable. When the ENable input is high (5V) 
the channels are sequenced by the 2 line binary inputs, and 
when low (OV) all channels are off. The 2 Address inputs 
are controlled by TTL logic or CMOS logic elements with a 
“0” corresponding to any voltage less than 0.8V and a “1” 
corresponding to any voltage greater than 2.4V. Note that 
the ENable input must be taken to 5V to enable the system, 
and less than 0.8V to disable the system. 


ORDERING INFORMATION 


Ao Ay EN 


2. LINE BINARY ADDRESS INPUTS 
(0 0) AND EN = 5V (EN = “1” FOR +5V, “O” FOR OV) 


ABOVE EXAMPLE SHOWS CHANNELS 1a AND 1b ON 
Figure 1: Functional Diagram 


IH6208 


4-Channel Differential 
CMOS Analog Multiplexer 


FEATURES 
© Ultra Low Leakage — Ipioff) < 100pA Typical 


® rps(on) < 400 Ohms Over Full Signal and Temperature 
Range 


© Power Supply Quiescent Current Less Than 100A | 
e +14V Analog Signal Range 

® No SCR Latchup 

© Break-Before-Make Switching 


® Binary Address Control (2 Address Inputs Control 2 
Out of 8 Channels) 


© TTL and CMOS Compatible Address Control 
® Pin Compatible With HI509, DG509A & ADG509A 


® Internal Diode In Series With V+ For Fault 
Protection 


IH6208 


TRUTH TABLE 


On 
Switch . 
Pair 


Ao, Ay 
LOGIC “1"'=Vay>2.4V Veny2> 4.5V 
LOGIC "0" =Va_; <0.8V 


IH6208 


Figure 2: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM 


RATINGS 


--1H6208 


Vin (A,.EN) to Ground ..................02.. —15V, 15V Storage Temperature 

VOOrVG IOV 22oc een be eees eee eea at eee 0, —36V CSUN ins ee saint eevee eal eanks —65°C to + 125°C 
VGORVR NOV Vitec eee awent an cue tes owes 0, 36V MW SUNK 2 coos nid tech wend etter ss — 65°C to + 150°C 
V1 Ground: 2% oc. owie Seeded Sag ae was bee de ade 18V Lead Temperature (Soldering, 10 sec).............. 300°C 
V= to GIOund, «3624505 Soca dak and haaweticnbin —18V Power Dissipation* 

Current (Any Terminal) .................0.. 000 eee 30mA CERDIP Package” ocisssvetrneeedsia3eeen ees 900 mW 
Current (Analog Source or Drain) ................. 20mA Plastic: Package’? 2 asedenas teu edat.seavnen yes 470 mW 


Operating Temperature 


*Device mounted with all leads soldered or welded to PC board. 


CO SULIK ue cig cenietuee tuttemgeck ....0°C to + 70°C 
Me SUTIK cn ohn alee ind oie eG ee eas — 55°C to + 125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
Vt =15V, V~ = —15V, Ven= + 5V (Note 1), Ground= OV, unless otherwise specified. 


**Derate 12 mW/°C above 75°C 
***Derate 6.3 mW/°C above 75°C 


Max Limits 


Test Conditions 


E 


| 180 [Vp= + 10V, Is = —1.0mA|Sequence each switch on} 30 
150 |Vp = —10V, Ig = —1.0mA|VAL= 0-8V, VaH=2.4V 


Rps(on)max—~Rps(onymin 
ARpsi(on 20 | ARpsion) = —DS(on)max™ DS(on) —, Vs= +10V 
—10V, Vp= 10V 
Vp=10V, Vs= —10V Ven = 0.8V 
— |ID(OFF 0.03 |Vp= —10V, Vs=10V 


Sequence each switch on 
Vat = 0.8V, Van =2.4V 
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SUPPLY 
Supply 
Standby 


NOTE 1: See ‘Enable Input Strobing Levels”, in Application Section. 


Ven= OV, f= 140kHz to 
1MHz 
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All Va = OV or 5V 
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NOTE: All typical values have been characterized but are not tested. 
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SWITCHING INFORMATION 


trrans ‘= PROBE IMPEDANCE 


Rp > 1M0. 
Cp < 30pF 
0300-3 0300-4 


Figure. 3: ttrans Switching Test Circuit and Waveforms 


VA 


SWITCH OUTPUT 


Vout 
(SEE FIG.2) 


0300-5 
Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 


VEN 
tr & tt < 100ns 


SWITCH OUTPUT 
Vout 
(SEE FIG. 3) 


0300-7 
Figure 5: Enable to, and to¢¢ Switching Test Circuit and Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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‘1H6208 APPLICATION INFORMATION 


ENable Input Strobing Levels 

The ENable input on the !1H6208 requires a minimum of 
+ 4,5V to trigger it into the “1” state and a maximum of 
+0.8V to trigger it into the “O” state. If the ENable input is 
being driven from TTL logic, a pull-up resistor of 1k to 3kN 
is required from the gate output to +5V supply. (See Figure 
6). 


OM7404N 
TTL LOGIC 


CMOS LOGIC 


_ Figure 7: CMOS Logic Driving ENable Pin 


NOTE: All typical values have been characterized but are not tested. 
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1H6208 


IH6208 


IH6208 APPLICATION INFORMATION (Continued) 


The supply voltage of the CD4009 affects the switching 
speed of the IH6208; the same is true for TTL supply volt- 
age levels. The chart below shows the effect on ttrans for a 
supply varying from +4.5V to +5.5V. 


CMOS OR TYPICAL ttrans 
TTL SUPPLY @ 25°C 
+4.5V 400ns 
+ 4.75V 300ns 
+5.0V 250ns 
+5.25V 200ns 
+5.50V 175ns 


The throughput rate can therefore be maximized by using 
a +5V to +5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than four differential 
channels is required; in these cases the EN terminal acts as 
a third address input. If four channel pairs or less are being 
multiplexed, the EN terminal can be directly connected to 
+5V to enable the {H6208 at all times. 


Using the IH6208 with supplies other 


than +15V 


The IH6208 can be used with power supplies ranging 
from +6V to + 16V. The switch rpsion) will increase as the 


A CHANNEL SOURCE INPUTS 


A CHANNELS 
COMMON DRAIN OUTPUT = D;{ 1 


supply voltages decrease, however, the multiplexer error 
term (the product of leakage times rpgon)) will remain ap- 
proximately constant since leakage decreases as the sup- 
ply voltages are reduced. 


Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below Vt at all times. If this is not 
done the Address Input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to Vt (pin 14) via a silicon diode as shown in 
Figure 8. A further requirement must be met when using this 
type of configuration; the strobe levels at AO and A1 must 


be within 2.5V of the EN voltage in order to define a binary: 


“1” state. For the case shown in Figure 8 the EN voltage is 
11.3V, which means that logic high at AO and Al is= +8.8V 
(logic low continues to be=0.8V). In this configuration the 
IH6208 cannot be driven by TTL (+5V) or CMOS (+5V) 
logic. It can be driven by TTL open collector logic or CMOS 
logic with + 12V supplies. 


If the logic and the IH6208 have common supplies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di- 
rectly will not work since it violates the 0.7V differential volt- 
age required between V+ and EN (See Figure 9). A 1pF 
capacitor can be placed across the diode to minimize 
switching glitches. 


B CHANNEL SOURCE INPUTS 


D2 = B CHANNEL DRAIN OUTPUT 
(COMMON) 


Figure 8: IH6208 Connection Diagram for Less Than + 15V Supply Operation 


NOTE: All typical values have been characterized but are not tested. 
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IH6208 APPLICATION INFORMATION (Continued) 


1H6208 
CD4009A 


0300-12 


Figure 9: IH6208 Connection Diagram With ENable Input Strobing 
for Less Than + 15V Supply Operation 


Peak-to-Peak Signal Handling Capability 

The IH6208 can handle input signals up to + 14V (actual- 
ly —15V to + 14.3V because of the input protection diode) 
when using + 15V supplies. | 

The electrical specifications of the IH6208 are guaran- 
teed for + 10V signals, but the specifications have very mi- 
nor changes for +14V signals. The notable changes are 
slightly lower rpsion) and slightly higher leakages. 


NOTE: All typical values have been characterized but are not tested. 
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IH6208 APPLICATION INFORMATION (Continued) 


1) Ap’ OR Ap’ 
2) Ay’ OR Aj’ 


eee 
2} De 


ADDRESS 
DECODER 


LEVEL SHIFTER 


Figure 10: 14 IH6208 Schematic Diagram 


NOTE: All typical values have been characterized but are not tested. 
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IH6208 APPLICATION INFORMATION = (Continued) 


eal 


Figure 11: Enable Input and Level Shifter 


Figure 12: Address Input and Level Shifter 


NOTE: All typical values have been characterized but are not tested. 
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DATA ACQUISITION 


DISPLAY DRIVERS 


CA3161 BCD to Seven Segment Decoder/Driver .............. 00. c cece eee eee 9-2 
CA3168 2-Digit BCD to Seven Segment Decoder/Driver ................. 00 cee ees 9-6 
ICM7211 4-Digit LCD/LED Display Driver ............ 0.0... ee ees 9-10 
ICM7212 4-Digit LCD/LED Display Driver ........... 0.0.0... ccc eee eee ees 9-10 
ICM7218 8-Digit LED Multiplexed Display Driver ........... 0.0.0... cee ccc eee eee 9-22 
ICM7228 8-Digit LED Multiplexed Display Driver .:............... 0c cc cece eee eens 9-33 
ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver ..................... 9-54 
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver ..................... 9-54 
ICM7243 8-Character uP-Compatible LED Display Driver ....................00 005. 9-70 


CA3161 


Interface Circuits 


am , RIS | ~ CA3161 


BCD-to-Seven-Segment 
Decoder/Driver 


Features: 


gs 77TL-compatible input logic levels 

@ 25-mA [typ.] constant-current 
segment outputs 

@ Eliminates need for output current- 
limiting resistors 

@ Pin compatible with other industry 
standard decoders 

m Low standby power dissipation - 
18 mW (typ.) 


The RCA-CA3161E is a monolithic intergrated circuit that = 
performs the BCD-to-seven-segment decoding function ered 
and features constant-current segment drivers. When used NC 
with the CA3162E A/D Converter* the CA3161E provides a NC SEGMENT 
complete digital readout system with a minimum number of o ? OUTPUTS 
external parts. pee 

The CA3161 is supplied in the 16-lead dual-in-line plastic GND 
package (E suffix). The CA3161 is also available in chip TOP VIEW 

form (H suffix). 92CS-30345RI 


1080. CA3161E 


MAXIMUM RATINGS, Absolute-Maximum Values: - 
DC SUPPLY VOLTAGE (between terminals 1 And 10) ....... cece ccc eee eee eee e eee eee eee nesses eeeeaa eens _+7V 
INPUT VOLTAGE (terminals 1, 2, 6, 7).......... errr ee ee Oe ee ne ee OC Te ey Terr iy err rr eT +5.5V 
OUTPUT VOLTAGE: 
Cato OLS ihcanin te a dies Seek eerie Ss ake eae bee ward dan eee ees sa ec ae lear were deda teat oor eee eae es +7V 
OuUtpUut"On (SEC NOL on cccid ng Ghatak Gn ane ure Grae ealenre cause tid gala EAlw baw ouuslah eon alee dsl NES Rue ee eee wa See a eee es +10 V 
DEVICE DISSIPATION: 
UONO ina 00 Cian bad oes lhe maa to arte peas dees wean wa bs ree te eee iene ie eae oy Sead ae alee eee a Maree eaanes 1W 
PD OVE Vas 1500 CO hiin tg ba ok eae se eet eee ee tw es eee aa ae oars Cee eee derate linearly at 10.5 mW/°C 
AMBIENT TEMPERATURE RANGE: 
ODGAUiAG 13.2542 atc ch ee cee ad yaa eaweRecsertea ese seas GS arleeeded ats duct tcaderebeieks earhesase ee aaa edt 0 to +75°C 
DIOlAUC oho bigs ce ties uci ene ae OMe ae aa OETA eis oa are Bahk Pee Sue So ee ORE ae ce HOR tae Gare eee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10 SeCONdS MAX. .... 6. cece eee cece cence eee eer eesenee +265°C 


NOTE 1: This is the maximum output voltage for any single output. The output voltage must be consistent with the maximum dissipation and 
derating curve for worst-case conditions. Example: All segments “on”, 100% duty cycle. 
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a 
BCO b 
INPUTS ‘ 

d SEGMENT 

DRIVER 

e | OUTPUTS 
t 
9 


7 eeeneny = je 
= [ 


SEGMENT 
IDENTIFICATION 


= 92CM-30346RI 
SEGMENT ORIVER 


Fig. 1-Functional block diagram of the CA3161E. 


ELECTRICAL CHARACTERISTICS at Ta, = 25°C 


CHARACTERISTIC | 


Supply Voltage Operating Range, vt 


Input Voltage Low (logic ‘0’ level) 


Input Current High (logic ‘’1’’) 
Input Current Low (logic “‘0’’) 


Propagation Delay Time 


| 
Ww 


(0.102- 0.254) 


Interface Circuits 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 


79-87 
(2.007- 2.209) 
92CM-31009 


dicated. Grid graduations are in mils (10-3 inch). 


Dimensions and pad layout for the CA3161H. 


ORDERING INFORMATION 


| CASIBIE 


Part Number | Temperature Range 
0°C to + 70°C ~—_ | 16 -Pin Plastic Dip 


CA3161 
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CA3161 


ae HARRIS Interface Circuits 
SEMICONO OR CA3168 

2-Digit BCD-to-7-Segment 

Decoder/Driver 

For Common-Anode LED Displays 


Features 

s Separate BCD inputs and segment outputs for each digit 

a eee loading less than 15 pA 

a /¢L logic with buffered inputs and outputs 

a Internal input overrange protection circuit ORDERING INFORMATION 

2 estab aeias ercuits | Part Number | Temperature Range 
a Output drive capability of 25 mA per segment CA3168 0°C to + 70°C 24-Pin Plastic Dip 
s Open collector outputs drive indicators directly 


The RCA-CA3168E°is a monolithic integrated circuit 
ee for 2-digit display such as “numbers” for TV and CA3168E 
“CB" channel selection, and other 0-99 numerical or 

counting for consumer or industrial indicator applications. TERMINAL ASSIGNMENT 
It consists of two independent BCD-to-7-segment 

decoder/drivers. Two sets of BCD inputs are buffered with 

p-n-p differential amplifier stages internally referenced to 

1.7 V. Each of the eight input terminals draws less than 15 INPUTS 
HA and is provided with’an internal protection circuit. 


Decoding is accomplished with |2L ROM’s. The fourteen 

output terminals are buffered with Darlington pairs driving 

common-emitter output transistors. Each output is capable 

of sinking 25 mA for an LED common-anode display NSO SEGMENT 
device. The supply-voltage range (VCC) is intended to be 
4.5Vto6V. The output voltage (Vo) must not exceed 12 V, 

which provides for a wide range of common-anode ee 


LSD BCO 
INPUTS 


LSO SEGMENT 
OUTPUTS 


sources. TOP VIEW 92CS- 31032 
The CA3168E is supplied in the 24-lead dual-in-line plastic 
package. 
* Formerly RCA Dev. Type No. TA10337 
MAXIMUM RATINGS, Absolute-Maximum Values: 
SUPPL Y-VOLTAGE NV CGcs asec en tian Be pices neu deanna eead ae whey s Grantee nee Savard lawn eeetucae4 coumeatye es 6V 
INPUT-VOLTAGE (MIN./MAX.) ...... ccc cc cece cece eee e cree cece cc este tenes eseeeeeuees Dake Saad empeathaweee es -0.3/VCc V 
INFUT- CURRENT (PROTECTION CIRCUIT). cc5cescicoiwies aca tabaind ek Sindswe wed ta aa 2O de Gate oh down Sieben bok +10 mA 
OUTPUT VOLTAGE NV Gi fas cuoetltn ebitsre giuqiens non we anges deuh Gutiout edhe vende ba eed cue w auc eeaeetnis camel me ea ees 12V 
OUTPUT SEGMENT GURRENT J 1GjiSPl AViissk oars) asad ieee oe woth tented date loin ned ee bes ees tianendedetousesadans’ 25 mA 
AMBIENT TEMPERATURE RANGE: 
ODOCAUING iced puncte Sen facie ariead an Coes mre guia Wea da Meee RA emne es 2am Whee wad meee aw ae Guin aaaine Sauda ene sass 0 to +70°C 
SIOTAGS 228 Cina oseseieaths ccd oaaee casas seria eu les Geen Waianae bie Vad Rea eed cea cin ws atta Ota g aie at dra ait -55 to +150°C 
POWER DISSIPATION: 
MI FO PhO he ae alia aa Gyranp asa 'k hnasn Ge Disioe Arne wae MHA Ra MN RIOW wads Rha Ge BRUNA UE OO MA eae Ie eS 400 mW 
POOVE 2700 Ot witru esis lw hash ent redacted siete eueaie tee duuhe duu d mies betormee tees tae wun a derate linearly at 8.7 mW/°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 
TO SOGONGS: MaKs6 o wtag ce ce wee see w See eae seed ev we Oa st ORD Ee IRONS DUS hin rec OND Ka ae LO EA DRE ES +265°C 
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TYPICAL ELECTRICAL CHARACTERISTICS at Vcc =5 V, V1= GND, 
VpIsp. = 12 V, and TA = 25 C, See Fig. 2 
Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS LIMITS 
| Min.| Typ. 


TRUTH TABLES 


Most Significant Digit (MSD) Least Significant Digit (LSD) 


INPUTS OUTPUTS DISPLAY INPUTS OUTPUTS DISPLAY 
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+Vcc PROTECTION CIRCUIT 
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"ee OUTPUT 
(13) SORCUIT: BIAS CIRCUIT 
: 1/2-FOR MSD 92CM- 31034 


| |» NOTE: Functional diagram for least significant digit is identical 
eee to functional diagram used for MSD with the exception 
e| |< of Terminal Assignments (see Terminal Assignment dia- 
al gram). A separate LSD Bias circuit, and % of the Output 
DISPLAY SEGMENT IDENTIFICATION Bias Circuit is used for LSD. 


Fig. 1 - Functional diagram for Most Significant Digit (MSD). 
Vo[PINS 6 — 12(MSD), 


OUTPUT 


CA3IG8E BUFFERS mis 14—20(LSD)] 

8 He 
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O fe) VDISPLAY 
Voc GNO (DISPLAY SUPPLY) 5 2cs-31033 


NOTE: See truth table for test sequence of input/output logic tests and 
Minimum R; oan = VDISPLAY ~ Vo. __ for each of the 14 segment 


Max. IDISPLAY 
drive output terminals. (LED is not used in test circuit) 


Fig. 2 - Test circuit. 
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Fig. 3 - Schematic diagram of CA3168E. 
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OUTPUT CELL 
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INPUT CELL 


Fig. 5 - Schematic diagram of CA3168E output cell. 


92CS-34697 


Fig. 4 - Schematic diagram of CA3168E input cell. 
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SEMICONDUCTOR 


GENERAL DESCRIPTION 


The ICM7211 (LCD) and ICM7212 (LED) devices consti- 
tute a family of non-multiplexed four-digit seven-segment 
CMOS display decoder-drivers. 


The ICM7211 devices are configured.to drive convention- 
al LCD displays by providing a complete RC oscillator, divid- 
er chain, backplane driver, and 28 segment outputs. 


The 1CM7212 devices are configured to drive common- 
anode LED displays, providing 28 current-controlled, low 
leakage, open-drain n-channel outputs. These devices pro- 
vide a BRighTness input, which may be used at normal logic 
levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 


These devices are available with multiplexed or micro- 
processor input configurations. The multiplexed versions 


provide four data inputs and four Digit Select inputs. This - 


configuration is suitable for interfacing with multiplexed BCD 
or binary output devices, such as the ICM7217, ICM7226 
and ICL7135. The microprocessor versions provide data in- 
put latches and Digit Address latches under.control of high- 
speed Chip Select inputs. These devices simplify the task of 
implementing a cost-effective alphanumeric seven-segment 
display for microprocessor systems, without requiring exten- 
sive ROM or CPU time for decoding and display updating. 


The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit bi- 
nary inputs into a seven-segment alphanumeric hexadeci- 
mal output. The “A” versions will provide the “Code B” out- 
put code, i.e., 0-9, dash, E, H, L, P, blank. Either device will 
correctly decode true BCD to seven-segment decimal out- 
puts. 

Devices in the 1CM7211/7212 family are packaged in a 
standard. 40 pin plastic dual-in-line and 44 pin plastic sur- 
face mount packages and all inputs are fully protected 
against static discharge. 


ORDERING INFORMATION 


Temperature 
Range 


Part Number 


ICM72111PL 
ICM7211MIPL 
ICM7211AIPL 
1CM7211AMIPL 


— 40°C to + 85°C 


ICM7212AMIPL 


[=arGio ¥85° | 40PinPrasic DIP | LCD | Hexadecimal | Wiroprocessor 
[=aercio Fes%6 | 4oPinPrasic oP | uco | Codes | Multiplexed 


ICM7211AMIM44 | —40°C to + 85°C | 44-PinP.Flatpack | LCD | GodeB | Microprocessor | 


C 

LC 

LC 

LC 

LC 

LC 
40-Pin Plastic DIP LE 


me 
T1co [codes [Multiples 
Te 


ICM7211/12 
4-Digit LCD/LED 
Display Driver 


ICM7211 (LCD) FEATURES 


© Four Digit Non-Multiplexed 7 Segment LCD Display 
Outputs With Backplane Driver 

© Complete Onboard RC Oscillator to Generate 
Backplane Frequency 

© Backplane Input/Output Allows Simple 
Synchronization of Slave-Devices to a Master 

© ICM7211 Devices Provide Separate Digit Select 
Inputs to Accept Multiplexed BCD Input (Pinout and 
Functionally Compatible With Siliconix DF411) 

© ICM7211M Devices Provide Data and Digit Address 
Latches Controlled by Chip Select Inputs to Provide 
a Direct High Speed Processor Interface 

© ICM7211 Decodes Binary to Hexadecimal; ICM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, P, 
Blank) 

® ICM7211A Available in Surface Mount Package 


ICM7212AM (LED) FEATURES 


© 28 Current-Limited Segment Outputs Provide 4-Digit 
Non-Multiplexed Direct LED Drive at>5mA Per 
Segment 

© Brightness Input Allows Direct Control of LED 
Segment Current With a Single Potentiometer or 
Digitally as a Display Enable 

© 1CM7212AM Device Provides Same Input 
Configuration and Output Decoding Options as the 
ICM7211AM 


Display Drive 
Type 
Direct Drive 
Direct Drive 
Direct Drive 
Direct Drive 


Direct Drive 


D 
D 
D 
D 
D 
D 
D 


_ Microprocessor 


Common Anode 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE: i ; 


NOTE: All typical values have been characterized but are not tested. 9-10 
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Figure 1: Functional Diagrams 


NOTE: All typical values have been characterized but are not tested. 
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Figure 1: Functional Diagrams (Cont.) 


NOTE: All typical values have been characterized but are not tested. 
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DIP Packages Outline (PL) 
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Surface Mount Packages (M44) 


Figure 2: Pin Configurations (Outline Drawing PL) 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Power Dissipation (Note 1) ................. 0.5W@70°C Operating Temperature Range ......... —40°C to + 85°C 
Supply Voltage (Vpp—Vss) ..---.- ee ee eect eee neces 6.5V Storage Temperature Range .......... — 55°C to + 125°C 
Input Voltage (Any Terminal) (Note 2) Lead Temperature (Soldering, 10sec) ............. 300°C 


A en ere Par nor ee ee Vss —0.3V to Vpp + 0.3V 


NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vpp or less than Vgg may cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device 
before its supply is established, and that in multiple supply systems, the supply to the [CM7211/ICM7212 be turned on first. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
ICM7211 CHARACTERISTICS (LCD) Vpp=5v +10%, Ta=25°C, Vsg = OV unless otherwise specified. 


[oscitatorinputCurent id ng 


Backplane Rise/Fall Time Cy, = 5000pF 
Oscillator Frequency Pin 36 Floating 
Backplane Frequency | Pin 36 Floating 


Segment Rise/Fall Time L = 200pF 


Operating Supply Voltage Range Woo—Ve) | 


IsTBY Operating Current 
Display Off 


| ipo | Operating Current 


NOTE: All typical values have been characterized but are not tested. 
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INPUT CHARACTERISTICS (1CM7211 AND ICM7212) 


[__Parameter__| _TestGonditione | Min | Typ | Max | Units | 
Logical ‘‘1” input voltage V 
PR 
Fux | tnputleakage curent +; Psa7—8a 
[Tey | inputcapacitance «ds Pinsar-aa | 
Tosux | BP/Brighiness nputteakage | Measured atPinS withPind6atVes | | #01 
BP/Brightness input capacitance | allDevices == id 


AC CHARACTERISTICS — MULTIPLEXED INPUT CONFIGURATION 


Digit Select Active Pulse Width Refer to Timing Diagrams 
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AC CHARACTERISTICS — MICROPROCESSOR INTERFACE 


tWL Chip Select Active Pulse Width other Chip Select either held active, or 
both driven together 
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7) 


py 


MICROPROCESSOR 
Digit /Chip Yop on 
EACH SEGMENT ue 
OUTPUT TO 
BACKPLANE 
WITH A 200 pF § 
CAPACITOR Data 


Inputs ; Yop 


Inputs Veg (ata 
VERSION 


Figure 3: Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


ICM7211 OPERATING SUPPLY CURRENT AS A ICM7211 BACKPLANE FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE. - FUNCTION OF SUPPLY VOLTAGE 
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NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) . 
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INPUT DEFINITIONS 


In this table, Vpp and Vss are considered to be normal Bpe rating input logic. levels. Actual input low and high levels are 
specified under Operating Characteristics. For lowest power consumption, input signals should swing over the full supply. 


| _input__| Terminal| __Gonditions | Function, = 
27 Vpp = Logical One 
Vss = Logical Zero Ones (Least Significant) 
Vpp = Logical One 
Vss = Logical Zero Twos 
Vpp = Logical One 
Vss = Logical Zero Fours 
re Logical One 
gy | S227 Logical Zero Eights (Most significant) 


OSC Floating or with ex- Oscillator input 
(LCD Devices Only) ternal capacitor to Vpp 
Vss Disables BP output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (Pin 5) 


Data Input Bits 


NOTE: All typical values have been characterized but are not tested. 
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ICM7211 MULTIPLEXED-BINARY INPUT CONFIGURATION 


a ee a ——__ -_e 
a. ee Vpp= Active D1 Digit Select (Least significant) 


Vss = Inactive D2 Digit Select 


D3 Digit Select 
D4 Digit Select (Most significant) 


Ce ee 


Digit Address Vpp=Logical One | DA1 & DA2 serve as a two bit Digit Address Input 
Bit 1 (LSB) 


Vss=Logical Zero | DA2,DA1=00 selects D4 
DA2 Digit Address 32 DA2, DA1=01 selects D3 
Bit 2 (MSB) 


DA2, DAi = 10 selects D2 
| TSi_| Chipselectt | 33 


DA2, DA1= 11 selects D1 
_ jo} 


DIGIT SELECT 
Dus 


When both CS1 and CS2 are taken low, the data at the Data 
and Digit Select code inputs are written into the input latches. 
On the rising edge of either Chip Select, the data is decoded 
and written into the output latches. 


Vpp = Inactive 
Vss= Active 


DIGIT SELECT 
Dy 


Dnt Ql Ds 
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tds 


Figure 4: Multiplexed Input Timing Diagram 
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Figure 5: Microprocessor Interface Input Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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DESCRIPTION OF OPERATION 


LCD DEVICES 


The LCD devices in the. family (ICM7211, 7211A, 7211M, 
7211AM) provide outputs suitable for driving conventional 
four-digit, seven-segment LCD displays. These devices in- 
clude 28 individual segment drivers, backplane driver, and a 
self-contained oscillator and divider chain to generate the 
backplane frequency. 


The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any DC component, which could arise 
from differing rise and fall times, and ensures maximum dis- 
play life. 

The backplane output devices can be disabled by con- 
necting the OSCillator input (pin 36) to Vss. This allows the 
28 segment outputs to be synchronized directly to a signal 
input at the BP terminal (pin 5). In this manner, several slave 
devices may be cascaded to the backplane output of one 
master device, or the backplane may be derived from an 
external source. This allows the use of displays with charac- 
ters in multiples of four and a single backplane. A slave 
device represents a load of approximately 200pF (compara- 
ble to one additional segment). Thus the limitation of the 
number of devices that can be slaved to one master device 
backplane driver is the additional load represented by the 
larger backplane of displays of more than four digits. A good 
rule of thumb to observe in order to minimize power con- 
sumption is to keep the backplane rise.and fall times less 
than about 5 microseconds. The backplane output driver 
should handle the backplane to a display of 16 one-half- 
inch characters. It is recommended, if more than four devic- 
es are to be slaved together, the backplane signal be de- 
rived externally and all the ICM7211 devices be slaved to it. 
This external signal should be capable of driving very large 
capacitive loads with short (1-2us) rise and fall times. The 
maximum frequency for a backplane signal should be about 
150Hz although this may be too fast for optimum display 


response at lower display temperatures, depending on the 


display type. 
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0364-17 
Figure 6: Display Waveforms 


NOTE: All typical values have been characterized but are not tested. .: 
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The onboard oscillator is designed to free run at approxi- 
mately 19kHz at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane fre- 
quency, which will be approximately 150Hz with the oscilla- 
tor free-running; the oscillator frequency may be reduced by 
connecting an external capacitor between the OSCillator 
terminal and Vpp. 


The oscillator may also be overdriven if desired, although 


care must be taken to ensure that the backplane driver is — 


not disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCillator input between 
the positive supply and a level out of the range where the 
backplane disable is sensed (about one fifth of the supply 
voltage above Vss). Another technique for overdriving the 
oscillator (with a signal swinging the full supply) is to skew 
the duty cycle of the overdriving signal such that the nega- 
tive portion has a duration shorter than about one microsec- 
ond. The backplane disable sensing circuit will not respond 
to signals of this duration. 


LED DEVICES 


The LED device in the family (7212AM) provides outputs 
suitable for directly driving four-digit, seven-segment com- 
mon-anode LED displays. These devices include 28 individ- 
ual segment drivers, each consisting of a low-leakage, cur- 
rent-controlled, open-drain, n-channel transistor. 


The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for “on” segments, and thus directly modulates the 
transistor’s ‘‘on’’ resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 7. The potenti- 
ometer should be a high value (100K. to 1MQ) to minimize 
power consumption, which can be significant when the dis- 
play is off. 

The BRighTness input may also be operated digitally as a 
display enable; when high,.the display is fully on, and low 
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
voltages at the BRighTness input. 


Note that the LED device has two connections for Vss; 
both of these pins should be connected. The double con- 
nection is necessary to minimize effects of bond wire resist- 
ance with the large total display currents possible. 


When operating LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera- 
tures. The maximum power dissipation is 1 watt at 25°C, 
derated linearly above 35°C to 500mW at 70°C (— 15mW/°C 
above 35°C). Power dissipation for the device is given by: 


P=(Vsupp— VFLep)(lsea)(Nseq) 
where Vet_Ep is the LED forward voltage drop, Isgqg is seg- 
ment current, and nggq is the number of ‘‘on” segments. It 
is recommended that if the device is to be operated at ele- 
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 


[CM 7211/12 


ICM7 211/12 


Vop (LED ANODES) 


BRIGHTNESS 


100k2-1M2 PIN 5 


‘Figure 7: Brightness control 


INPUT CONFIGURATIONS AND 
OUTPUT CODES | 


The standard devices in the ICM7211/12 family accept a 
four-bit true binary: (ie, positive level=logical one) input at 
pins 27 thru 30, least significant bit at pin 27 ascending to 
the most significant bit at pin 30. The ICM7211 and 
ICM7211M devices decode this binary input into a seven- 
segment alphanumeric hexadecimal output, while the 
ICM7211A, ICM7211AM, and ICM7212AM decode the bina- 
ry input into seven-segment alphanumeric “Code B” output, 
i.e. 0-9, dash, E. H, L, P, blank. These codes are shown 
explicitly in Table 1. Either decoder option will correctly de- 
code true BCD to a seven-segment decimal output. 


.. TABLE 1: Output Codes 


‘BINARY _ HEXADECIMAL 


1CM7211 
ICM7211M 


-CODEB 
ICM7211A 
ICM7212AM 
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These devices are actually mask-programmable to pro- 
vide any 16 combinations of the seven segment outputs 
decoded from the four input bits. For large quantity orders 
custom decoder options can be arranged. Contact the fac- 
tory for details. 

The ICM7211 and ICM7211A devices are designed to ac- 
cept multiplexed binary or BCD input. These devices pro- 
vide four separate digit lines (least significant digit at 


NOTE: All typical values have been characterized but are not tested. 
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pin 31 ascending to most significant digit at pin 34), each of 
which when taken to a positive level decodes and stores in 
the output latches of its respective digit the character corre- 
sponding to the data at the input port, pins 27 through 30. 


The ICM7211M, ICM7211AM, and ICM7212AM devices 
are intended to accept data from a data bus under proces- 
sor control. 


In these devices, the four data input bits and the two-bit 
digit address (DA1 pin 31, DA2 pin 32) are written into input 
buffer latches when both chip select inputs (CS1 pin 33, 
CS2 pin 34) are taken low. On the rising edge of either chip 
select input, the content of the data input latches is decod- 
ed and stored in the output latches of the digit selected by 
the contents of the digit address latches. 


An address of 00 writes into D4, DA2=0, DA1=1 writes 
into D3, DA2= 1, DA1 =0 writes into D2, and 11 writes into 
D1. The timing relationships for inputting data are shown in 
Figure 5, and the chip select pulse widths and data setup 
and hold times are specified under Operating Characteris- 
tics. 
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Figure 8: Segment Assignment 


APPLICATIONS 


O07? O06 Of! D4 O38 O2 ODI 


PEBEEBEE 


BACKPLANE 
SLAVE 


6 OIGIT 
LCO DISPLAY 


SEGMENTS 
YOO Low ORDER 
VSS 1CM7211(A) 
O8C ns 80 04.3 02 D1 BP 


“seaen 
VOD wah ORDER 

| Ves 1CM7211(A) 
O8C 93.8006 0302 01 BP 


OIGIT 
SELECTS 


0364-21 
Figure 9: Ganged ICM7211’s Driving 
8-Digit LCD Display 


ICM7 211/12 


8-OIGIT 
LCO O1SPLAY 


GBBGEEEGT 


HGH ORDER DIGITS 


N 
= 
= 
~— 
Le 
N 
to 
= 
g 


$3 


80C48 
COMPUTER 


SSRRZESE LEB EsS 


3 
~ 


« 
~waee wo 


a a 


= 


= 


Figure 10: 80C48 Microprocessor Interface 


NOTE: All typical values have been characterized but are not tested. 
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ICM7218 
— §8-Digit LED uP 
ompatible Multiplexed 
Display Decoder Driver 


FEATURES 


GENERAL DESCRIPTION 


The ICM7218 series of universal LED'driver systems pro- © Microprocessor Compatible 
vide, in a single package, ail the circuitry necessary to inter- © Total Circuit Integration On Chip Includes: 
face most common microprocessors or digital systems to a) Digit and Segment Drivers 
an LED display. Included on chip are an 8-byte static display b) All Multiplex Scan Circuitry 
memory, 2 types of 7-segment decoders, multiplex scan cir- c) 8 Byte Static Display Memory 
cuitry, and high current digit and segment drivers for either d) 7 Segment Hexadecimal and Code B Decoders 


common-cathode or common-anode displays. 


® Output Drive Suitable for LED Displays Directly 
The ICM7218A and ICM7218B feature 2 control lines 


(WRITE and MODE) which write either 4 bits of contro! in- 7p eommon Anode and: Commen Cathode versions 
formation (DATA COMING, SHUTDOWN,DECODE, and * Single 5 Volt Supply Required 

HEXA/CODE B) or 8 bits of display input data. Display data ® Data Retention to 2 Volts Supply 

is automatically sequenced into the 8-byte internal memory ® Shutdown Feature — Turns Off Display and Puts 
on successive positive going WRITE pulses. Data may be Chip Into Low Power Dissipation Mode 


displayed either directly or decoded in Hexadecimal or 
Code B formats. 


The ICM7218C and ICM7218D feature 2 control lines 
(WRITE and HEXA/CODE B/SHUTDOWN), 4 separate dis- 
play data input lines, and 3 digit address lines. Display data 
is written into the internal memory by setting up a digit ad- 
dress and strobing the WRITE line low. Only Hexadecimal 
and Code B formats are available for display outputs. 


ORDERING INFORMATION 


ICM7218BI 
=40°C to + 85°C 


© Sequential and Random Access Versions 
© Decimal Point Drive On Each Digit 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. : 


NOTE: All typical values have been characterized but are not tested. 9-22 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vpp—Vss) .......--e cee e cee eceeeees 6V 
Digit Output Current ........... 0... ce cee eee ee 300mA 
Segment Output Current ......... 0... cece eee eee 50mA 
Input Voltage 
(any terminal) ............... Vssg —0.3V to Vpp + 0.3V 
(Note 1) 


ICM7218 


Power Dissipation (28 Pin CERDIP) ......... 1 W (Note 2) 
Operating Temperature Range ......... —40°C to + 85°C 
Storage Temperature Range .......... —65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vpp or less 
than Vss may cause destructive device latchup. For this reason it is recommended that no inputs from sources operating on a different power supply be 
applied to the device before its own supply is established, and when using multiple supply systems the supply to the ICM7218 should be turned on first. 

2: These limits refer to the package and will not be obtained during normal operation. Derate above 50°C by 25mW per °C. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 


maximum rating conditions for extended periods may affect device reliability. 


ICM7218A Common Anode 
ICM7218B Common Cathode 


800-107 


1ICM7218C Common Anode 
ICM7218D Common Cathode 


ADORESS 
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Figure 1: Functional Diagrams 


NOTE: All typical values have been characterized but are not tested. 
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ICM7218A 
(OUTLINE DWG Jl) 


COMMON ANOOE 


TOP VIEW 


1CM7218C 
(OUTLINE DRAWING Jl) 


DAO (DIGIT ADORESS 0) [5 | 
OA1 (DIGIT ADDRESS 1) (6, 
107 (INPUT D.P.) [7] 

WRITE 


HEXA/CODE 8/SHUTOOWN (9) 
DA2 (DIGIT ADDRESS 2) [10) 


TOP VIEW 


NOTE: All typical values have been characterized but are not tested. 
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ICM7218B 
(OUTLINE DRAWING JI) 


COMMON CATHODE 


TOP VIEW 


ICM7218D 
(OUTLINE DRAWING Jl) 


COMMON CATHODE 


DAO (DIGIT ADDRESS 0) [5 | 
DA1 (DIGIT ADDRESS 1) [6 
107 (INPUT D-P.) [7] 

WRITE 


HEXA/CODE 8/SHUTDOWN (8) 
DA2 (DIGIT ADORESS 2) [10] 


TOP VIEW 


Figure 2: Pin Configurations 
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ELECTRICAL CHARACTERISTICS vVpp=5V, Vss= OV, Ta= 25°C, Display Diode drop= 1.7V 


[Symbol | Parameter | Test Conditions | Min | Typ | Max | Units: 


Vsuppcy | Supply Voltage Range Operating V 
Power Down Mode V 


4 
2 
Quiescent Supply Current Shutdown (Note 3).. | 6 | to | 300] pa | 
2.5 | mA 


Operating Supply Current Common Anode SEGS On . 
SEGS Off | Outputs 500 | pA 
Common Cathode SEGS On | Open Circuit 700 | pA. 
SEGS Off 500 | pA 


IDLK Digit Leakage Current Shutdown Mode 
Common Anode Voyt = 2V 100 pA 
Common Cathode Voyt= 5V 100 | pA 
ISEG Peak Segment Drive Current Common Anode Voyt=Vss + 1.0V 20 40 mA 
Common Cathode Voyt= Vop — 2.0V -—10 {| —20 mA 


Shutdown Mode 
Common Anode Voyt= Vop 
Common Cathode Voyt=Vss 


Three Level Input: Pin 9 ICM7218C/D 
Logical ‘‘1” Input Voltage 
Floating Input 

Logical “0” Input Voltage 
Three Level Input Impedance 


Hexadecimal 
Code B 
Shutdown 
Note 3 


VIH 

ViF 

VIL 

ZIN 

ViH Logical “1” Input Voltage 

VIL Logical ‘O” Input Voltage 
Write Pulse Width (Low) 7218A, B 550 
Write Pulse Width (Low) 7218C, D 400 

taH 


io) 


Mode Hold Time 7218A, B 15 
Mode Set Up Time 7218A, B 
Data Set Up Time re 


Data Hold Time 7218 A,B 

7218 C,D 
Digit Address Set Up Time ICM7218C, D 
Digital Address Hold Time ICM7218C, D 


Data Input Impedance. 5-10 pF Gate Capacitance 


NOTE: All typical values have been characterized but are not tested. 
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IDIG Digit Drive Current Common Anode Voyt=Vpp —2.0V 140 | 200 mA |. 
Common Cathode Voyr=Vss + 1.0V 50 | 100 mA | 


ICM7218 


ICM7218 


TABLE 1: INPUT DEFINITIONS ICM7218A and B | 7 
Terminal Fogle 
Level 
WRITE 
: Ow 
High Load Control bits on Write Pulse 
Low Load Input Data on Write Pulse 
ID4 SHUTDOWN 10 High Normal Operation 
Low Shutdown (Oscillator, Decoder and Display Disabled) 
ID5 (DECODE) High No Decode 
MODE Low Decode : 
ID6 (HEXA/CODE B) High High | Hexadecimal Decoding 
Low Code B Decoding 
ID7 (DATA COMING) 7 High Data Coming | } Gaeaeciiara 
_ Low No Data Coming 
IDO-ID7 ss i Piet 09) i Display Data Inputs (Notes 4, 5) 


Terminal Logic 
Level 
High Input Not Loaded Into Memory 
| Low Input Loaded Into Memory 


9 High Hexadecimal Decoding 
Floating Code B Decoding 
HEXA/CODE B/SHUTDOWN (Note 3) Low Shutdown (Oscillator, Decoder and Display Disabled) 


DAO —DA2 10,6,5 Digit Address Inputs 


IDO —ID3 14,13,11,12 Display Data Inputs 
ID (INPUT D.P.) 7 Decimal Point Input 


NOTE 3: In the ICM7218C and D (random access versions) the HEXA/CODE B/SHUTDOWN Input (Pin 9) has internal biasing resistors to hold it at Vpp/2 when 
Pin 9 is open circuited. These resistors consume power and result in a quiescent supply current (iq) of typically 50nA. 
The ICM7218A, B, and E devices do not have these biasing resistors and thus are not subject to this condition. 
4: |D0-ID3 = Don’t care when writing contro! data 
ID4-ID6 = Don't care when writing Hex/Code B data 
1D7 = Decimal Point data 
(The display blanks on ICM7218A/B versions when writing in data) 
_ 5: In the No Decode format, “Ones” represents “‘on” segments for all inputs except for the Decimal Point, where “Zero” represents an “on” segment, (i.e. 
_ segments are positive true, decimal point is negative true). 
6: Common Anode segment drivers and Common Cathode Digit Drivers have 20k? pullup resistors. 


NOTE: All typical values have been characterized but are not tested. 
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lh eee TvP. ‘mes 7 Tye. 
rT enee RUNNING AZZ AUNNING (PER 0:G)T) 


og Wea i ON OS eg Eg 
Ses SAR Nes nner esd ee ea 


uf INTERDIGIY BLANK 


ae fa 


DETAILED DESCRIPTION 


DECODE Operation 


For the ICM7218A/B products, there are 3 input data for- 
mats possible; either direct segment and decimal point in- 
formation (8 bits per digit) or two Binary code plus decimal 
point information (Hexadecimal/Code B formats with 5 bits 


0365-8 
Figure 4: Segment Assignments per digit). 


NOTE: All typical values have been characterized but are not tested. 
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The 7 segment decoder on chip is disabled when direct 
segment information is to be written. In this format, the in- 
puts directly control the outputs as follows: 


Input Data: ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO 
Output Segments:D.P. a bce gf d 


Here, “Ones” represent “on” segments for all inputs ex- 
cept the Decimal Point. For the Decimal Point “zero” repre- 
sents an “on” segment. 


HEXAdecimal/CODE B Decoding 


For all products, a choice of either HEXA:or Code B de- 
coding may be made, HEXA decoding provides 7. segment 
numeric plus six alpha characters while Code B provides a 
negative sign (—), a blank (for leading zero blanking), cer- 
tain useful alpha characters and all numeric formats. 


The four bit binary code is set up on inputs ID3-IDO, and 
decimal point data is set up on ID7. 


123456789 101112131415 


0 
HEXACODE|0123456789 A b Ca EF 
CODE B 0123456789 - E H L P (BLANK) 


SHUTDOWN 


SHUTDOWN performs several functions: it puts the de- 
vice into a very low dissipation mode (typically 10pA at 
Vpp = 5V), turns off both the digit and segment drivers, and 
stops the multiplex scan oscillator (this is the only way the 
scan oscillator can be disabled). However, it is still possible 
to input data to the memory during shutdown — only the 
display output sections of the device are disabled in this 
mode. 


Powerdown 


In the Shutdown Mode, the supply voltage may be re- 
duced to 2 volts without data in memory being lost. Howev- 
er, data should not be written into memory if the supply 
voltage is less than 4 volts. 


Output Drive 


The common anode output drive is approximately 200 mA 
per digit at a 12% duty cycle. With segment peak drive cur- 
rent of 40mA typically, this results in 5mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond- 
ingly less. 


Inter Digit Blanking 


A blanking time of approximately 10us occurs between 


digit strobes. This ensures that the segment information is 
correct before the next digit drive, thereby avoiding display 
ghosting. 


NOTE: All typical values have been characterized but are not tested. 
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Driving Larger Displays 

lf a higher average drive current per digit is required, it is 
possible to connect digit drive outputs together. For exam- 
ple, by paralleling pairs of digit drives together to drive a 4 
digit display, 5mA average segment drive current can be 
obtained. 


Power Dissipation Considerations 


Assuming common anode drive at Vpp=5 volts and all 
digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200mA. Assuming 
a 1.8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM7218. The device power dissipation 
will therefore be 640mW, rising to about 900mW, for all 
‘8’’s displayed. Caution: Position device in system such 
that air can flow freely to provide maximum cooling. 
The common cathode dissipation is approximately one 
half that of the common anode dissipation. 


Sequential Addressing Considerations 
(ICM7218A/B) | 


The control instructions are read from the input bus lines 
if MODE is high and WRITE low. The instructions occur on 4 
lines and are — DECODE/no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory locations have been written 
to, additional transitions of the WRITE input are ignored un- 
til a new control word is written. It is not possible to change 
one individual digit without refreshing the data for all the 
other digits. 


Random Access Input Drive 
Considerations (1CM7218C/D) 


Control instructions are provided to the ICM7218C/D bya 
single three level input terminal (Pin 9), which operates in- 
dependently of the WRITE pulse. 


Data can be written into memory on the ICM7218C/D by 
setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, it is possible to change. only digit 7 without. 
altering the data for the other digits. (See Figure 7). 


Supply Capacitor 
A 0.1F plus a 47F capacitor is recommended between 
Vpp and Vssg to bypass display multiplexed noise. 


ICM7218 
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MODE 


INPUT DATA Youll“Uuiu,, = 


0365-9 


Figure 5: Timing Diagram for ICM7218A/B 


TYPE OF DECODER? IDS 
DECODE/NO DECODE? IDS 
DOWN? ID4 
DATA CORMING (07 DATA NOT COMING 107 


Figure 6: Load Sequence ICM7218A/B 
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Figure 7: Timing Diagram for ICM7218C/D 
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| 0365-13 
Figure 9: Functional Test Circuit (# 2) 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS | hy 

COMMON ANODE SEG. DRIVER COMMON ANODE SEG. DRIVER COMMON ANODE DIGIT DRIVER a 
Iseq VS. Vout AT 25°C e Iseg. VS. Vout - Ipic VS- (Vpp — Vout) 


405 Vpo - Vag < 6.0V 


8 
Vout (VOLTS) Vpb -VourT (voLTs) 
0365-14 0365-15 0365-16 
COMMON CATHODE DIGIT DRIVER COMMON CATHODE SEG. DRIVER COMMON CATHODE DIGIT DRIVER 
Ipic VS. Vout AT 25°C Iseq VS. (Vpp— Vout) Ipic VS- Vout 
30 ; 200 


Ise (mA) 


Vout (VOLTS) Vop - VouT (VOLTS) Vour (VOLTS) 
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Figure 10: 8 Digit Microprocessor Display 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATION EXAMPLES 
8 DIGIT MICROPROCESSOR DISPLAY 
APPLICATION 


Figure 10 shows a display interface using the ICM7218A/ 
B with an 8048 family microcontroller. The 8 bit data bus 
(DBO/DB7-ID0/ID7) transfers control and data information 
to the 7218 display interface on successive WRITE pulses. 
The MODE input to the 7218 is connected to one of the I/O 
port pins on the microcontroller. When MODE is high a con- 
trol word is transferred; when MODE is low data is trans- 
fered. Sequential locations in the 8-byte static memory are 
automatically loaded on each successive WRITE pulse. Af- 
ter eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred. (See Figure 
6). This also allows writing to other peripheral devices with- 
out disturbing the 1CM7218A/B. 


16 DIGIT MICROPROCESSOR DISPLAY 


In this application (see Figure 11), both ICM7218’s are 
addressed simultaneously with a 3 bit word, DA2-DAO. Dis- 


Pinon aan eo at aii -) 
SV ENETETETEI =e ENE ENGIN 11a) 


SHUTOOWN 
WRITE WRITE 


ICM7218 


play data from the 8048 I/O bus (DB7-DBO0) is transferred to 
both ICM7218’s simultaneously. 


The display digits from both ICM7218’s are interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 


Decimal point information is supplied to the ICM7218’s 
from the processor on port lines P26 and P27. 


NO DECODE APPLICATION 


The ICM7218 can also be used as a microprocessor 
based LED status panel driver. The microprocessor select- 
ed control word must include “No Decode” and ‘Data 
Coming”. The processor writes “Ones” and ‘“Zeroes” into 
the ICM7218 which in turn directly drives appropriate dis- 
crete LEDs. LED indicators can be red or green (8 seg- 
ments <8 digits =64 dots +2 per red or green =32 chan- 
nels). 


SHUTDOWN 


— 


Figure 11: 16 Digit Display 


NOTE: All typical values have been characterized but are not tested. 


a HARRIS ICM7228 & 
nee 8-Digit .P Compatible 5 
LED Display Decoder Driver ¢ 


GENERAL DESCRIPTION FEATURES 
The Harris ICM7228 display driver interfaces microproc- © improved 2nd Source to Maxim 1CM7218 
essors to an 8 digit, 7 segment, numeric LED display. In- ® Fast Write Access Time of 200 ns 


cluded on chip are two types of 7 segment decoder, multi- 


plex scan circuitry, LED display segment drvers, LED dis- ® Multiple Microprocessor Compatible Versions 


play digit drivers and an 8-byte static memory as display © Hexadecimal, Code B and No Decode Modes 
RAM. ® individual Segment Control with “No Decode” 
Data can be written to the ICM7228A and ICM7228B’s Feature 
display RAM in sequential 8 digit update or in single digit © Digit and Segment Drivers On-Chip 
update format. Data is written to the ICM7228C and -@ Non-Overlapping Digits Drive 
ICM7228D display RAM in parallel random access format. 
The ICM7228A and ICM7228C drive common anode dis- Pe eee ere art ee eae ee 
plays. The ICM7228B and ICM7228D drive common cath- 
ode displays. All versions can display the RAM data as éi- © Low Power CMOS Architecture 
ther Hexadecimal or Code B format. The I|CM7228A and ® Single 5V Supply 
ICM7228B incorporate a No Decode mode allowing each bit © 883B/Rev C Compliant 
of each digit’s RAM word to drive individual display seg- 
~ ments resulting in independent control of all display seg- APPLICATIONS 


ments. As a result, bargraph and other irregular display seg- 
ments and formats can be driven directly by this chip. 


The Harris ICM7228 is an alternative to-both the Maxim 


© Instrumentation 
© Test Equipment 


ICM7218 and the Harris ICM7218 display drivers. Notice ® Hand Held Instruments 
that the ICM7228A/B has an additional single digit access © Bargraph Displays 
mode. This could make the Harris ICM7218A/B software ® Numeric and Non-Numeric Panel Displays 


~ incompatible with ICM7228A/B operation. As a result, the 
part is renamed the ICM7228 to eliminate this possible con- 
fusion. 


All versions of the ICM7228 are offered in both industrial 
and military temperature ranges. 


ORDERING INFORMATION 


Common Anode 
| Common Cathode 
Common Anode 
Common Cathode 


© High and Low Temperature Environments where 
LCD Display Integrity Is Compromised 


Common Cathode 
Common Anode 
Common Cathode 
Common Anode 
=40°C to +85°C Common Cathode 
Common Anode 
Common Cathode 
Common Anode 
Common Cathode 
=55°C to + 125°C Common Anode 
—55°C to +125°C 28-Pin CERDIP Common Cathode 


*Ail MlJI versions available compliant to 883B/Rev C. 


| ICM7228A\JI 40°C to +85°C 28-Pin CERDIP Common Anode. 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 202820-002 


NOTE: All typical values have been characterized but are not tested. 9-33 
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ICM7228A 
Common Anode 


Top View 


ICM7228C 
Common Ancde . 


Top View 


1CM7228 


ICM7228B 
Common Cathode 


Top View 


ICM7228D 
Common Cathode 


DAO (DIGIT ADDRESS 0) [5 
DA1 (DIGIT ADDRESS 1) [6_ 
1D7 (INPUT O-P.) [7, 


Top View 


Figure 1: Pin Configurations 


NOTE: 28-Lead SOIC Package pin configurations are identical to DIP packages. - 


NOTE: All typical values have been characterized but are not tested. 
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ICM7228A, ICM7228B ICM7228C, ICM7228D. 


Ip4-i1p7 MODE WRITE 


CONTROL 
INPUTS 


i HEXADECIMAL/ 
CODEB | 
j DECODER 


DECODE’ 
NO-DECODE 
DECIMAL 
POINT 


8 SEGMENT 
DRIVERS 


| SHUTDOWN 


WRITE ADDRESS | 
COUNTER 


ADDRESS, DIGIT 
5 MULTIPLEXER 


MULTIPLEX. 
OSCILLATOR 


INTEROIGIT 
BLANKING 


8 DIGIT 
ORIVERS 


1D0-1D3 
HEXADECIMAL/ 107 
CODE B/ DATA 
SHUTDOWN INPUT 


THREE LEVEL | 
INPUT LOGIC 


| HEXADECIMAL/ | 


CODE 8 


j DECODER | 


DECIMAL 
POINT 


8 SEGMENT 
DRIVERS 


Figure 2: Functional Block Diagram 


NOTE: Ail typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vpp — Vsg).......e cece cece cece eeees 6V 
Digit Output Current .......... 0... cece ee ee eee 500 mA 
Segment Output Current ........... 0... eee 100 mA 
Input Voltage (Note 1) 


(Any Terminal) ..... (Vssg — 0.3V) < Vin < (Vpp + 0.3V) 
Power Dissipation (Note 2) | 


28-Pin Plastic with Copper Leadframe............. 1.0W 
~ 28-Pin CERDIP ..................-. ade aby eatae 1.0W 

20-PiN SOIC xc wccvousiies dd inwenaeevee es Seaacaes 0.7W 
Operating Temperature Range 

IPI, lJl, IBI Packages............ —40°C < Ta < +85°C 

MiJI Package................. —55°C < Ta < +125°C 
Storage Temperature Range ..... —65°C < Ts < +160°C 
Lead Temperature (Soldering 10 sec) .............. 300°C 


ELECTRICAL CHARACTERISTICS 


ICM7228 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


NOTE 1: Due to the SCR structure inherent in the CMOS process used to 
fabricate these devices, connecting any terminal to a voltage greater than 
Vpp or less than Vss may cause destructive device latchup. For this reason, 
it is recommended that no inputs from sources operating on a different pow- 
er supply be applied to the device before its own supply is established, and 
when using multiple supply systems the supply to the ICM7228 should be 
turned on first. 


NOTE 2: These limits refer to the package and will not be obtained during 
normal operation. Derate above 50°C by 25 mW per °C. 


(Vpp = +5.0V +10%, Vss = OV) 


INDUSTRIAL TEMPERATURE RANGE, IPI, IJl, IB| DEVICES 


Operating Supply 
Current 


Segments = ON 
Outputs = OPEN 


Segments = OFF 
Outputs = OPEN > 


Segments = ON 
Outputs = OPEN 


Segments = OFF 
Outputs = OPEN 


Digit Drive 
Current 


Vout = Vpp — 2.0V 


Vout = Vss + 1.0V 


Digit Leakage 
Current 


Peak Segment 
Drive Current 


Vout = Vss + 1.0V 


Vout = Vop — 2.0V 


NOTE: All typical values have been characterized but are not tested. 


VsupPLy | Supply Voltage Range 
Power Down Mode 
Quiescent Supply Shutdown, 7228A, 7228B 
Current Shutdown, 7228C, 7228D 


Common Anode, 7228A/C 
Common Anode, 7228A/C 


Common Cathode, 7228B/D 


Common Cathode, 7228B/D 


Common Anode, 7228A/C 


Common Cathode, 7228B/D 


Shutdown Mode, Vout = 2.0V 
Common Anode, 7228A/C 


Shutdown Mode, Vout = 5.0V 
Common Cathode, 7228B/D 


Common Anode, 7228A/C 


Common Cathode, 7228B/D 


Tas 425°C 
Typ | Max 
se 


a 
im 
| 1 | 100 | 
PoE 


—a | oa 
om nt) 
oO |;|o 


450 


pA 


450 


ICM7228 


ELECTRICAL CHARACTERISTICS (Von = +5.0V +10%, Vsg = OV) (Continued) 
INDUSTRIAL TEMPERATURE RANGE, IPI, IJl, IB! DEVICES 


[symbol] Parameter Test Conditions 
[min | typ | Max| Min | Typ | Max 


Segment Leakage | Shutdown Mode, Voyt = Vpp 1 , 
Common Anode, 7228A/C 


Current 
Shutdown Mode, Voyt = Vss 
Common Cathode, 7228B/D 


iCM7228 


Input Leakage 
Current 


All Inputs except Pin 9 
7228C, 7228D Vin = Vss 


All Inputs except Pin 9 
7228C, 7228D Vin = 5.0V 


Display Scan Rate 


tips Inter-Digit 
Blanking Time 
VINH Logical 1” Input | Three Level Input: Pin 9 
Voltage 7228C, 7228D Hexadecimal 4.2 
Vpp = 5V 
VINE Floating Input Three Level Input: Pin 9 
7228C, 7228D Code B 
Vpp = 5V 
VINL Logical ‘‘O” Input | Three Level Input: Pin 9 
Voltage 7228C, 7228D Shutdown 
Vpp = 5V 


ZIN Three Level Input | Voc = 5V 
Impedance Pin 9 of 7228C and 7228D 


VIH Logical “1” Input 
Voltage 


All Inputs except 
Pin 9 of 7228C, 7228D 
Vpp = 5V ~ 


VIL Logical “O” Input 
Voltage 


SWITCHING CHARACTERISTICS (Von = +5.0V +10%, Vos = OV, Vi = +0.4V, Vin = +2.4V) 
INDUSTRIAL TEMPERATURE RANGE, IPI, Jl, IB! DEVICES 


Ta = +25°C —40°C < Ta < +85°C 


tWL Write Pulsewidth (Low) 
tWH Write Pulsewidth (High) 
tas 

AH 


Mold Setup Time 7228A, 7228B 
DataSetupTime fT 


Digit Address 7228C, 7228D 

Setup Time 

t Digit Address 7228C, 7228D 
Hold Time — 


ftw Pe econ 
[tw ete eee 
jtwu | MoldHold Time | 7228A,72288 
fis 
tos 
tow 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS  (Vop = +5.0V +10%, Vsg = OV) (Continued) 
MILITARY TEMPERATURE RANGE, MIJI DEVICES 


symbot| Parameter | ete sania 
[Min| Typ |Max| Min | Typ | Max_| 


ry 


Range Power Down Mode 


Quiescent Supply | Shutdown, 7228A, 7228B hl | 
Current Shutdown, 7228C, 7228D 


Common Anode, 7228A/C | 
Segments = ON 
Outputs = OPEN 


Common Anode, 7228A/C 
Segments = OFF 
Outputs = OPEN 
Common Cathode, 7228C/D 
Segments = ON 
Outputs = OPEN 
Common Cathode, 7228C/D 
Segments = OFF 

Outputs = OPEN 
Common Anode, Vpp = 5.0V 
Vout = Vop — 2.0V 

Common Cathode, Vpp = 5.0V 
Vout = Vss + 1.0V 


Shutdown Mode 
Common Anode, , Vout = 2.0V 


Shutdown Mode 
Common Cathode, Vout = 5.0V 


3] 
fo) 
oO 


— 
oO 
(o) 


Operating Supply 
Current 


. = 
pa] 6B ULB 


=| 
> 


450 100 450 


A 
oO 
oO 


250 ; 450 


17 


on 
p» 
on 
oO 


Digit Drive 
Current 


—_ 
N 
Oo 


Digit Leakage 
Current 


' 
> 


Common Anode, Vpp = 5.0V 
Vout = Vss + 1.0V 

Common Cathode, Vpp = 5.0V 
Vout = Vpp — 2.0V 


Shutdown Mode 
Common Anode, Vout = Vpp 


Shutdown Mode 
Common Cathode, Vout = Vss 


Peak Segment 
Drive Current 


oO 
— 
~“ 
oi 
& 
oO 
oO 


—, 


—, 


Pa fe 
> 


Segment Leakage 
Current 


a za 
oS © 
© © 


— 
> 


= 
© 


Input Leakage 
Current 


All Inputs except Pin 9 
7228C, 7228D Vin = Vss 


All Inputs except Pin 9 
7228C, 7228D Vin = 5.0V 
Inter-Digit 
Blanking Time 


= 


+ 
© 
_ 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS  (Vop = +5.0V +10%, Vg = OV) (Continued) 
MILITARY TEMPERATURE RANGE, MIJI DEVICES 


| oe [ee 
imin | typ | Max | Min | typ | Max_| 


Logial ‘‘1” Input Three Level Input: Pin 9 
Voltage 7228C, 7228D Hexadecimal 
Vop = 5V 


Floating Input Three Level Input: Pin 9 
7228C, 7228D Code B 
Vpp = 5V 


Logical “O” Input | Three Level Input: Pin 9 
Voltage 7228C, 7228D Shutdown 
Vpop = 5V 


ZIN Three Level Input | Voc = 5V 
impedance Pin 9 of 7228C and 7228D 
Vin Logical ‘*1” Input 
Voltage 


VIL Logical ‘‘0” Input 
Voltage 


All Inputs except 
Pin 9 of 7228C, 7228D 
Vpp = 5V 


SWITCHING CHARACTERISTICS (Von = +5.0V 10%, Vgg = OV, Vi, -- 10.4V,Viyny 1 2.4V) 
MILITARY TEMPERATURE RANGE, MIJI DEVICES 


= +95 
symbol Test Conditions |__Ta = +28°C 


ftw._| Waite Pulsewiath (Low | 
[tw | Write Pulsewicth (High) | 
tw 
jtus | ModeSetup Time | 7228A,7228B | 250 
| DataSetupTime | 
|DataHoldTime | 


(o) 
o>) 


tas Digit Address 7228C, 7228D 
: 25 
Setup Time 
tay Digit Address 7228C, 7228D 
Hold Time 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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Figure 3: Functional Test Circuit (# 1) 
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Figure 4: Functional Test Circuit (#2) 


NOTE: All typical values have been characterized but are not tested, 
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Table 1: ICM7228A Pin Assignments and ws ale 


Output . LED Display Segments c, e, b.and Decimal Point Drive Lines. 


Name : 


Decoding. 
Low, Code B Decoding. 


ID5, (DECODE) Input When “MODE” Low: Display Data Input, Bit 6. 
When “MODE?” High: Control Bit, Decode/No Decode Selection: High, No Decode. 


Low, Decode. 


ID7, When “MODE” Low: Display Data Input, Bit 8, Decimal Point Data. 
(DATA COMING) When “MODE” High: Control Bit, Sequential Data Update Select: High, Data Coming. 


ID6, When “MODE” Low: Display Data Input, Bit 7. 
(HEXA/CODE B) When “MODE?” High: Control Bit, Decoding Scheme‘Selection: High, Hexadecimal 


Low, No Data Coming. 


Input Data Input Will Be Written to Control Register or Display RAM on Rising Edge of WRITE. 


Selects Data to Be Loaded to Control Register or Display RAM: High, Loads Control 
Register. 

Low, Loads Display 
RAM. 


—s 


ID4, 
(SHUTDOWN) 


When “MODE” Low: Display Data Input, Bit 5. 
When “MODE” High: Control Bit, Low Power Mode Select: High, Normal Operation. 

Low, Oscillator and Display 
Disabled. 


—_ 
ak 


hh eh mh — 
On OD on > Nh io) 


When “MODE” Low: Display Data Input, Bit 2. 
When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, Bit 2, Single 
Digit Update Mode. 


When “MODE” Low: Display Data Input, Bit 1. 
When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, LSB, Single 
Digit Update Mode. 


—_ 
ié) 


When “MODE” Low: Display Data Input, Bit 3. 
When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, MSB, Single 
Digit Update Mode. 


—h 


When “MODE” Low: Display Data Input, Bit 4. 
When “MODE” High: RAM Bank Select (Decode Modes Only): High, RAM Bank A. 
| Low, RAM Bank B. 


LED Display Digits 1, 2, 5 and 8 Drive Lines. 


20 | DIGIT 4 Output | LED Display Digits 4, 7, 6 and 3 Drive Lines. 

21 |DIGIT7 

22 | DIGIT6 

23 |DIGIT3 

| LED Display Segments f, d, g and a Drive Lines. 


| 28 |Vss Supply | Device Ground or Negative Power Supply Rail. 


NOTE: All typical values have been characterized but are not tested. 
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Table 2: ICM7228B Pin Assignments and siciac el 


fme[ wane [naton] _teseipton 


LED Display Digits 4, 6, 3 and 1 Drive Lines. 


ICM7228 


When “MODE” Low: Display Data Input; Bit.7. 

When “MODE” High: Control Bit, Decoding Scheme Selection: High, Hexadecimal 
Decoding. 
Low, Code B Decoding. 


ID5, (DECODE) . When ‘“‘MODE” Low: Display Data Input, Bit 6. 
When “MODE” High: Control Bit, Decode/No Decode Selection: High, No Decode. 


Low, Decode. 


ID7, Input When “MODE” Low: Display Data Input, Bit 8, Decimat Point Data. 
(DATA COMING) When “MODE” High: Control Bit, Sequential Data Update Select: High, Data Coming. 
Low, No Data Coming. 


| Input | Data Input Will Be Written to Control Register or Display RAM on Rising Edge of WRITE. 


Selects Data to Be Loaded to'Control Register or Display RAM: High, Loads Control 
Register. 
Low, Loads 
Display RAM. 


When “MODE” Low: Display Data Input; Bit 5. 

When “MODE” High: Control Bit, Low Power Mode Select: High, Normal Operation. 
Low, Oscillator and Display 
Disabled. 


When “MODE” Low: Display Data Input, Bit 2. 

When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, Bit 2; Single Digit 
Update Mode. 

When “MODE” Low: Display Data Input, Bit 1. 

When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, LSB, Single 
Digit Update Mode. 

When “MODE” Low: Display Data Input, Bit 3. 


When “MODE” High and “ID7 (DATA COMING)” Low: Digit Address, MSB, Single 
Digit Update Mode. 


When “MODE” Low: Display Data Input, Bit 4. 
When “MODE” High: RAM Bank Select (Decode Modes Only): High, RAM Bank A. 
Low, RAM Bank B. 


LED Display Segments c, e, b and Decimal Point Drive Lines. 


NOTE: All typical values have been characterized but are not tested. . 
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Table 3: ICM7228C Pin Assignments and Descriptions 


INGUTDP) 


WRITE 


HEXA/CODE B/ 
SHUTDOWN 


DIGIT 1 
DIGIT 2 


DIGIT 5 
DIGIT 8 


Supply 


DIGIT 4 
DIGIT 7 
DIGIT 6 
DIGIT 3 


NOTE: All typical values have been characterized but are not tested. 


Description — 


LED Display Segments c, e, b and Decimal Point Drive Lines. 


Digit Address Input, Bit 1, LSB. 
Digit Address Input, Bit 2. 


~ Display Decimal Point Data Input, Negative True. 


Data Input Will Be Written to Display RAM on Rising Edge of WRITE. 


Three Level Input. Display Function Control: High, Hexadecimal 
Decoding. 
Float, Code B Decoding. 
Low, Oscillator and 
Display Disabled. 


Digit Address Input, Bit 3, MSB. 


Display Data Inputs. 


LED Display Digits 1, 2, 5, and 8 Drive Lines. 


Device Positive Power Supply Rail. 


LED Display Digits 4, 7, 6, and 3 Drive Lines. 


LED Display Segments f, d, g and a Drive Lines. 


Device Ground or Negative Power Supply Rail. 
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Table 4: ICM7228D Pin Assignments and Descriptions 


| Ping | Name | Function _| Description 


LED Display Digits 4, 6, 3, and 1 Drive Lines. 


DIGIT 4 
DIGIT 6 


DIGIT 3 
DIGIT 1 


| 5 | DAO |_input_| Digit Address input, Bit 1, LSB. 
i aed eer 


DA1 
ID7, Display Decimal Point Data Input, Negative True. 
(INPUT D.P.) 


WRITE Data Input Will Be Written to Display RAM on Rising Edge of WRITE. 


i HEXA/CODE B/ Three Level Input. Display Function Control: High, Hexadecimal 


OND — 


SHUTDOWN Decoding. 
Float, Code B Decoding. 
Low, Oscillator and 

Display Disabled. 


DA2 | Input’ | _ Digit Address input, Bit 3, MSB. 


Display Data Inputs. 


LED Display Segments a, b, d and Decimal Point Drive Lines. 


Device Positive Power Supply Rail. 


LED Display Segments c, e, f and g Drive Lines. 


Supply 


Supply 


DIGIT 8 
DIGIT 2 
DIGIT 5 
DIGIT 7 


LED Display Digits 8, 2, 5 and 7 Drive Lines. 


Device Ground or Negative Power Supply Rail. 


NOTE: All typical values have been charactenzed but are not tested. 
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DETAILED DESCRIPTION 


System Interfacing and Data Entry 
Modes, ICM7228A and ICM7228B 


The ICM7228A/B devices are compatible with the archi- 
tectures of most microprocessor systems. Their fast switch- 
ing characteristics makes it possible to access them as a 
memory mapped I/O device with no wait state necessary in 
most microcontroller systems. All the ICM7228A/B inputs, 
including MODE, feature a 250 ns minimum setup and 0 ns 
hold time with a 200 ns minimum WRITE pulse. Input logic 
levels are TTL and CMOS compatible. Figure 7 shows a 
generic method of driving the ICM7228A/B from a micro- 
processor bus. To the microprocessor, each device appears 


to be 2 separate I/O locations; the Control Register and the 


Display RAM. Selection between the two is accomplished 
by the MODE input driven by address line AO. Input data is 
placed on the IDO-ID7 lines. The WRITE input acts as both 
a device select and write cycle timing pulse. See Figure 5 
and Switching Characteristics Table for write cycle timing 
parameters. 


WRITE 


ICM7228 


The ICM7228A/B have three data entry modes: Control 
Register update without RAM update, sequential 8 digit up- 
date and single digit update. In all three modes a control 
word is first written by pulsing the WRITE input while the 
MODE input is high, thereby latching data into the Control 
Register. The logic level of individual bits in the Control 
Register select Shutdown, Decode/No Decode, Hex/Code 
B, RAM bank A/B and Display RAM digit address as shown 
in Tables 1 and 2. 


The 1CM7228A/B Display RAM is divided into 2 banks, 
called bank A and B. When using the Hexadecimal or code 
B display modes, these RAM banks can be selected sepa- 
rately. This allows two separate sets of display data to be 
stored and displayed alternately. Notice that the RAM bank 
selection is not possible in No-Decode mode, this is be- 
cause the display data in the No-Decode mode has 8 bits, 
but in Decoded schemes (Hex/Code B) is only 4 bits (IDO- 
ID3 data). It should also be mentioned that the decimal 
point is independent of selected bank, a turned on decimal 
point will remain on for either banks. Selection of the RAM 
banks is controlled by ID3 input. The ID3 logic level (during 
Control Register update) selects which bank of the internal 
RAM to be written to and/or displayed. 


input vata YY a a= Cy 


Figure 5: |CM7228A/B Write Cycle Timing Diagram 


Se 


WRITE DATA 
8 PULSES 

CONTROL WORD (D1) (D8) 

TYPE OF DECODER? ID6 

DECODE/NO DECODE? ID5 

SHUTDOWN? ID4 

DATA COMING 1D7 


Figure 6: ICM7228A/B Sequential 8 Digit RAM Update Timing Diagram 


DON’T CARE 


CONTROL WORD 

TYPE OF DECODER? !ID6 
DECODE/NO DECODE? ID5 
SHUTDOWN? (D4 

DATA NOT COMING [D7 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 


Control Register update without RAM update: 


The Control Register can be updated without changing 
the display data by a single pulse on the WRITE input, with 
MODE high and DATA COMING low. If the display is being 
decoded (Hex/Code B), then the value of ID3 determines 
which RAM bank will be selected and displayed for all eight 
digits. 

Sequential 8 digit update: 

The logic state of DATA COMING (ID7) is also latched 
during a Control Register update. If the latched value of 
DATA COMING (ID7) is high, the display becomes blanked 
and a sequential 8 digit update is initiated. Display data can 
now be written into RAM with 8 successive WRITE pulses, 
starting with digit 1 and ending with digit 8 (See Figure 6). 
After all 8 RAM locations have been written to, the display 
turns on again and the new data is displayed. Additional 
write pulses are ignored until a new Control Register update 
is performed. All 8 digits are displayed in the format (Hex/ 
Code B or No Decode) specified by the control word that 
preceded the 8 digit update. If a decoding scheme (Hex/ 
Code B) is to be used than the value of ID3 during the 
control word update determines which RAM bank will be 
written to. 


WRITE PULSE | 
ENABLE 


ADDRESS 
DECODER 


& 


M 
| 
C 
R 
0 
P 
R 
0 
C 
E 
S 
S 
0 
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=EmMAnN<WN 


DEVICE SELECT 


1. WRITE PULSE . 


ICM7228 


Single Digit update: 


In this mode each digit data in the display RAM can be 
updated individually without changing the other display 
data. First, with MODE input high, a control word is written 
to the Control Register carrying the following information; 
DATA COMING (ID7) low, the desired display format data 
on ID4-ID6, the RAM bank selected by ID3 (if decoding is 
selected) and the address of the digit to be updated on data 
lines IDO-ID2 (See Table 5). A second write to the 
ICM7228A/B, this time with MODE input low, transfers the 
data at the IDO-ID7 inputs into the selected digit’s RAM lo- 
cation. In single digit update mode, each individual digit’s 
data can be specified independently for being displayed in 
Decoded or No-Decode mode. For those digits which de- 
coding scheme (Hex/Code B) is selected, only one can be 
effective at a time. Whenever a control word is written, the 
specified decoding scheme will be applied to all those digits 
which selected to be displayed in Decoded mode. 


HARRIS 


1CM7228A/B LED DISPLAY 


SEGMENTS 


Figure 7: iCM7228A/B Microprocessor System Interfacing 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 
Table 5: Digits Address, ICM7228A/B 


Input Data Lines Selected 


0 0 0 DIGIT 1 
0 0 1 DIGIT 2 | 
O- 1 0 DIGIT 3 
0 1 1 DIGIT 4 
1 0 0 DIGIT 5 
1 0 4 DIGIT 6 
1 1 0 DIGIT 7 
1 1 1 DIGIT 8 


System Interfacing, 7 
ICM7228C and ICM7228D 


The ICM7228C/D devices are directly compatible with 
the architecture of most microprocessor systems. Their fast 
switching characteristics make it possible to access them 
as a memory mapped I/O device with no wait state neces- 
sary in most microcontroller systems. All the ICM7228C/D 
inputs, excluding HEXA/CODE B/SHUTDOWN, feature a 
250 ns minimum setup and 0 ns hold time with a 200 ns 
minimum WRITE pulse. Input logic levels are TTL and 
CMOS compatible. Figure 9 shows a generic method of 
driving the ICM7228C/D from a microprocessor bus. To the 
microprocessor, the 8 bytes of the Display RAM appear to 
be 8 separate I/O locations. Loading the ICM7228C/D is 
quite similar to a standard memory write cycle. The address 
of the digit to be updated is placed on lines DAO—DA2, the 
data to be written is placed on lines IDO-ID3 and ID7, then 
a low pulse on WRITE input will transfer the data in. See 
Figure 8 and Switching Characteristics Table for write cycle 
timing parameters. 


The ICM7228C/D devices do not have any control regis- 
ter, and also they do not provide the No Decode display 
format. Hexadecimal or Code B character selection and 
shutdown mode are directly controlled through the three- 


DIGIT 
ADDRESS 
DAO-DAZ 


WRITE 


NOTE: All typical values have been characterized but are not tested. 
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level input at Pin 9, which is accordingly called HEXA/ 
CODE B/SHUTDOWN. See Tables 3 and 4 for input and 
output definitions of the ICM7228C/D devices. 


Compatibility with the ICM7218 Series 


The Harris |CM7228 series devices are upwardly compati- 
ble with the 1CM7218 series. The following are the differ- 
ences between two series. 


1. The ICM7228 versions A and B have two functions which 
are not available in 7218, the RAM bank select and sin- 
gle digit update. Software written for ICM7218A/B may 
not be directly compatible with |CM7228A/B operation. 
IDO-ID3 are “don’t cares” when writing a control word to 
the ICM7218A/B, while for the ICM7228A/B, IDO-ID2 
select the digit address for a single digit RAM update and 
ID3 always selects either bank A or bank B for Hex and 
Code B data. Considering the ID3 input only, the software 
is compatible provided all control word updates use a 
consistent value for ID3, either high or low. The single 
digit update mode is upwardly compatible, it is an invalid 
operation with the ICM7218A/B and is unlikely to occur 
in software originally written for the ICM7218A/B. But de- 
pending on system hardware (address decoding and 
WRITE pulse generation) the software might not function 
properly if an ICM7228A/B is going to be inserted in the 
ICM7218A/B socket. Some minor modifications of the 
software may be necessary. 


2. The ICM7228 series has enhanced switching characteris- 
tics and is more than twice as fast as the ICM7218 se- 
ries. 


3. The ICM7228 series digit and segment drivers are im- 
proved compared to those of the ICM7218 series. Also 
the Typical display scan rate is increased from 250 Hz to 
390 Hz to enhance display performance. 


4. The ICM7228 series devices generally draw less current 


than the ICM7218 series. In the shutdown mode, the 
IGM7228A/B devices draw Y49 the current of the equiva- 
lent ICM7218 parts. The ICM7228C/D devices draw 1%, 
the current of the |CM7218 series part. 


RLM 


EEX woe XT 


Figure 8: ICM7228C/D Write Cycle Timing Diagram 
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Figure 9: ICMi7228C/D Microprocessor System Interfacing 


Table 6: Display Character Sets 


Input Data Code Display Characters 
[tos | ip2 | 101 | 1Do | Hexadecimal | CodeB | 
0 0 


0 0 0 0 

0 0 0 1 1 1 
0 0 1 0 2 2 
0 0 1 1 3 3 
0 1 0 0) 4 4 
0 1 0 1 5 5 
0 1 1 0 6 6 
0 1 1 1 7 7 
1 0 0 0 8 8 
1 0 Oo | 1 9 bs) 
1 0 1 0 A — 
1 0 1 1 b E 
1 1 0 0) C H 
1 1 0 1 d L 
1 1 1 8) E P 
1 1 1 1 F (Blank) 


Display Formats 
The ICM7228A and ICM7228B have three possible dis- 


play formats; Hexadecimal, Code B and No Decode. Table - 


6 shows the character sets for the decode modes and their 
corresponding input code. 

The display formats of the ICM7228A/B are selected. by 
writing data to bits ID4, ID5 and ID6 of the Control Register 
(See Table 1 and 2 for input Definitions). Hexadecimal and 
Code B data is entered via |DO-ID3 and ID7 controls the 
decimal point. 


NOTE: All typical values have been characterized but are not tested. 
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Controlled | Decimal ‘ 
‘| Segment Point 


Table 7: No Decode Segment Locations 


Datainput| 107 [06 [108] 104| 109] we] 01 | 100 


= 


Figure 10: Digits Segment Assignments . 
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The No Decode mode of the ICM7228A and ICM7228B 
allows the direct segment-by-segment control of all 64 seg- 
ments driven by the device. In the No Decode mode, the 
input data directly control the outputs as shown in Table 7. 


An input high level turns on the respective segment, ex- 
cept for the decimal point, which is turned on by“an input 
low level on ID7. 

The No Decode mode can be used in different applica- 
tions such as bar graph or status panel driving where each 
segment controls an individual LED. 


ICM7228 
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DETAILED DESCRIPTIONS (Continued) 


The ICM7228C and ICM7228D have only the Hexadeci- 
mal and .Code B character sets. The: HEXA/CODE B/ 
SHUTDOWN input, pin 9, requires a three level input. Pin 9 
selects the Hexadecimal format when pulled high, the Code 
B format when floating or driven to mid-supply, and the 
shutdown mode when pulled low (See Tables 3 and 4). Ta- 
ble 6 also applies to the ICM7228C/D devices. 


Shutdown and Display Blanking 


When shutdown, the ICM7228 enters a low power stand- 


..by mode typically consuming only 1 A of supply current for 


the 1CM7228A/B and 2.5 pA for the ICM7228C/D. In this 
mode the ICM7228 turns off the multiplex scan oscillator as 
well as the digit and segment.drivers. However, input data 
can still be entered when in the shutdown mode. Data is 
retained in memory even with the supply voltage as low as 
2vV. 


The ICM7228A/B is shutdown by writing a control word 
with Shutdown (ID4) low. The |CM7228C/D is put into shut- 
down mode by driving pin 9, HEXA/CODE B/SHUTDOWN, 
low. 


The ICM7228 operating current with the display blanked 
is within 100 »pA-200 A for all versions. All versions of the 
ICM7228 can be blanked by writing Hex FF to all digits and 
selecting Code B format. The ICM7228A and ICM7228B 
can also be blanked by selecting No Decode mode and 
writing Hex 80 to all digits (See Tables 6 and 7). 


Common Anode Display Drivers, 
ICM7228A and ICM7228C 


The common anode digit and segment driver output 
schematics are shown in Figure 11. The common anode 
digit driver output impedance is approximately 42. This pro- 
vides a nearly. constant voltage to the display digits. Each 
digit has a minimum of 200 mA drive capability. The N-chan- 
nel segment driver’s output impedance of 502 limits the 


- segment current to approximately 25 mA peak current per 


segment..Both the segment and digit outputs can directly 
drive the display, current limiting resistors are not required. 


Individual segment’s current is not significantly affected 
by whether other segments are on or off. This is because 
the segment driver output impedance is much higher than 
that of.the digit driver. This feature is important in bar graph 


_ applications where each bar graph element should have the 


same brightness, independent of the number of elements 
being turned on. 


NOTE: All typical values have been characterized but are not tested. 
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Common Cathode Display Drivers, 
ICM7228B and ICM7228D 


The common cathode digit and segment driver output 
schematics are shown in Figure 12. The N-channel digit 
drivers have an output impedance of approximately 152. 
Each digit has a minimum of 50 mA drive capability. The 
segment drivers have an output:impedance of approximate- 


ly 1009. with typically 10 mA peak current drive for each 


segment. The common cathode display driver output cur- 
rents are only 1% of the common anode display driver cur- 
rents. Therefore, the ICM7228A and ICM7228C commn an- 
ode display drivers are recommended for those applications 
where high display brightness is desired. The ICM7228B 
and ICM7228D. common cathode display drivers are suit- 
able for driving bubble-lensed monolithic 7 segment dis- 
plays. They can also drive individual LED displays up to 0.3” 
in height when high brightness is not required. 


Display Multiplexing 

Each digit of the |ICM7228 is on for approximately 320 xs, 
with a multiplexing frequency of approximately 390 Hz. The 
ICM7228 display drivers provide interdigit blanking. This en- 
sures that the segment information of the previous digit is 
gone and the information of the next digit is stable before 
the next digit is driven on. This is necessary to eliminate 
display ghosting (a faint display of data from previous digit 
superimposed on the next digit). The: interdigit blanking time 
is 10 ps typical with a guaranteed 2 ps minimum. The 
ICM7228 turns off both the digit drivers and the segment 
drivers during the interdigit blanking period. The digit multi- 
plexing sequence is: D2, D5, D1, D7, D8, D6, D4 and D3. A 


typical digit’s drive pulses are shown on Figure 13. 


Due to the display multiplexing, the driving duty cycle for 
each digit is 12% (100 x ¥%). This means the average cur- 
rent for each segment is 1% of its peak current. This must be 
considered while designing and selecting the displays. 
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‘DETAILED DESCRIPTIONS (Continued) 


Driving Larger Displays Another method of increasing display currents is to con- 
If very high display brightness is desired, the ICM7228 nect two digit outputs together and load the same data into 


: : ; both digits. This drives the display with the same peak cur- 
display driver outputs ean be externally buffered. Figures 14 rent, but the average current doubles because each digit of 
thru 16 show how to drive either common anode or com- 


ee 
mon cathode displays using the ICM7228 and external driv- ve HISpIay 1S! On TOrtWIGe:28 (Ong; 123, /a Gly cy Cle-Velsus 


er circuit for higher current displays. 
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NOTE: When SHUTDOWN goes low INTERDIGIT BLANKING also 
stays low. 


-Digit Driver 
Figure 11: Common Anode Display Drivers 
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0086-29 


NOTE: When SHUTDOWN goes low INTERDIGIT BLANKING. also 
stays low. 
Segment Driver 
Figure 12: Common Cathode Display Drivers 


NOTE: All typical values have been charactenzed but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 


320 ys TYP. 
LF Re RUNNING FREE P RUNNING (PER DIGIT) 
INTERDIGIT BLANKING 
INTERNAL SIGNAL 


02 | L 
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Figure 13: Display Digits Multiplex Timing Diagram (Common Anode Display) 
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Figure 14: Driving High Current 
Display, Common Anode ICM7228A/C 
to Common Anode Display 


Vss 


0086-31 
Figure 15: Driving High Current 
Display, Common Cathode ICM7228B/D 
to Common Cathode Display 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 


Three Level Input, 
ICM7228C and ICM7228D 

As mentioned before, pin 9 is a three level input and con- 
trols three functions: Hexadecimal display decoding, Code 
B display decoding and shutdown mode. In many applica- 
tions, pin 9 will be left open or permanently wired to one 
state. When pin 9 can not be permanently left in one state, 
the circuits illustrated in Figure 17 can be used to drive this 
three level input. 


Yop 
1.4 AMP PEAK 


2N5034 
1002 , 
SEGMENT 


wo 
r=) 
=) 
=) 


(100 mA PEAK) 


2N2219 


Vss 
0086-32 
Figure 16: Driving High Current 
Display Common Cathode ICM7228B/D 
to Common Anode Display 


NOTE: Ail typical values have been charactenzed but are not tested. 
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Power Supply Bypassing 


Connect a minimum of 47 pF in parallel with 0.1F ca- 
pacitors between Vpp and Vssg of ICM7228. These capaci- 
tors should be placed in close proximity to the device to 
reduce the power supply ripple caused by the multiplexed 
LED display drive current pulses. 


740126 
THREE=STATE 
HIGH = HEX BUFFER 


LOW = SHUTDOWN 


HIGH = HEX OR SHUTDOWN 


LOW = CODE B 
CD4016 
HIGH = HEX CD4066 


LOW = SHUTDOWN 


HIGH = HEX OR SHUTDOWN 
LOW = CODE B 


CD4069 —ayag 


HIGH = CODE B 
LOW = HEX 


HIGH = SHUTDOWN 
LOW = CODE B 


CD4069 
HIGH = SHUTDOWN 


LOW = HEX 
OPEN DRAIN OR 

OPEN COLLECTION 
HIGH = SHUTDOWN OUTPUT 


LOW = CODE B 


0086-33 
Figure 17: ICM7228C/D Pin #9 Drive Circuits 


ICM7228 


ICM7231-1CM7232 


RIS 


SEMICONDUCTOR 


wD 


GENERAL DESCRIPTION 


The 1CM7231-7232 family of integrated circuits are de- 
signed to generate the voltage levels and switching wave- 
forms required to drive triplexed liquid-crystal displays. 
These chips also include input buffer and digit address de- 
Coding circuitry allowing six bits of input data to be decoded 
into 64 independent combinations of the output segments 
of the selected digit. 

The family is designed to interface to modern high per- 
formance microprocessors and microcomputers and ease 
system requirements for ROM space and CPU time needed 
to service a display. 


ORDERING INFORMATION 


NOTE: All versions intended for triplexed LCD displays 


Part Temperature Number of 
Number Range Package | Digits 
ICM7231BFIPL -~259C to +85°C § Pin Plastic DIP 8 Digit Parallel 
ICM7232AF IPL 40 Pin Plastic DIP 10 Digit 
ICM7232BFIPL - -259C to +85°C 40 Pin Plastic DIP 10 Digit 


ICM7232CRIPL -25°C to +85°G 40 Pin Plastic DIP 10 Digit 


ICM7231-ICM7232 


Numeric/Alphanumeric Triplexed 


LCD Display Driver 


FEATURES 


© ICM7231: Drives 8 Digits of 7 Segments With Two 
independent Annunciators Per Digit Address and 
Data Input in Parallel Format 


© ICM7232: Drives 10 Digits of 7 Segments With Two 
Independent Annunciators Per Digit Address and 
Data Input in Serial Format 


© All Signals Required to Drive Rows and Columns of 
Triplexed LCD Display Are Provided 


® Display Voltage Independent of Power Supply 
© On-Chip Oscillator Provides All Display Timing 


® Total Power Consumption Typically 200u.W, 
Maximum 500,.W at 5V 


© Low-Power Shutdown Mode Retains Data With 5uW 
Typical Power Consumption at 5V, 1.W at 2V 


® Direct Interface to High-Speed Microprocessors 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 
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ICM7231-ICM7232 


b2, C2, ant2 
f1, e1, an21 


bi, cl, ant 


ICM7231-ICM7232 


, | Vop 
= | = | 
| = |_| = 
, V_ ON CHIP 
a rd fa i 4 DISPLAY 
VOLTAGE 
LEVEL 
Voisp 
PIN 2 (INPUT) 


CIGIT 


y ADDRESS EN j 3 ; " 
OATA 5 OECODER SL peel | | 
: } GENERATOR COMMON 
DECODER — | jeoma 


0 ? # ORIVER | 
Bae i | | | 


: DATA INPUT : 


EN 
LATCHES | LATCHES 


AN2 601 BO3 
ANI 600 B02 AO Al A2 


OATA INPUTS ADDRESS INPUTS 


NOTE: See Figure 17 for display segment connections. 


Figure 1: |CM7231 Functional Diagram 


f1, e1, an21 


f2, e2, an22 
b2, c2, ani2 
b1,c1,ent1 


GENERATOR 


Oe PIN 2 (INPUT) 


DISPLAY 
TIMING 


F — GENERATOR 
a6 OSE RAL INPUT 
CONTROL LOGIC 


Setcskerse; 
pti zjo!tri2' 39 


SHIFT REGISTER OATA DATA WRITE DATA 
SHIFTS RIGHT TO LEFT INPUT CLOCK IN?UT ACCEPTED 
ON RISING EOGE OF DATA CLOCK INPUT OuTPuT 


NOTE: See Figures 17 and 18 for display segment connections. 


Figure 2: ICM7232 Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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ICM7231-1ICM7232 


fi,el,an2iLj8 
b2,c2,ani2L.J9 
a2,g2,d21J 10 
f2,e2,an22 0311 
b3,c3,ani30912 
a3,g3,d309 13 
f3,e3,an230914 
b4,c4,an14(0J915 
a4,94,d4 (29 16 
f4,e4,an240417 
b5,c5,an150418 
a5,g5,d5((J19 
f5,e5,an25LJ 20 


29 (7118,08,an28 
28 £.Ja8,g8,d8 
27 £.3b8,c8,an18 
26 L.Jf7,e7,an27 
25 L.Ja7,g7,d7 
24 Jb7,c7,an17 
23 £.3f6,e6,an26 
22 L.Ja6,g6,d6 
210 Jb6,c6,ani6 


DATA CLOCK INPUTLJ1 


0366-5 


Vise 4 2 
BPiLJ 3 

BP2L3 4 
BP3LUS 
bi,cl,ani16 
at,g1,d1q7 
fi,e1,an21£y 8 
b2,c2,ani2Lj9 


a2,g2,d2.3 10 ie 
f2 es ai on 
ae (DIP) 


b3,c3,ani30312 
a3,g3,d30J 13 
f3,e3,an230914 
b4,c4,ani4L315 
a4,94,d4(9 16 
‘f4,e4,an24(C] 17 
b5,c5,aniS£.J18 
a5,g5,d5(J 19 
f5,e5,an25(03 20 


ICM7231-ICM7232 


DATA CLOCK INPUT (31 
Voisp 4 2 
BPiC3 3 
BP23 4 
BP3LJ5 
bi,ct,aniiLg6 
al,gi,diLj7 
f1,e1,an21Cj 8 
b2,c2,an12039 
a2,g2,d20 310 
f2,e2,an22(3 11 
b3,c3,ani3£912 
a3,g3,d3(9 13 
f3,e3,an2309 14 
b4,c4,ani40915 
a4,g4,d40916 
f4,e4,an240317 
b5,c5,ani5(J 18 
a5,95,d5(9 19 
f5,e5,an25(J 20 


40 CVop 
39 LJ WRITE INPUT 
38 LIJDATA INPUT 


36 FI Vg 

35 _Jb6,c6,an16 
341J3a6,g6,d6 

33 LJ f6,e6,an26 

32 CJb7,c7,an17 
310.Ja7,g7,d7 

30 L_J f7,e7,an27 

29 £.Jb8,c8,an18 
28 [.Ja8,g8,d8 

27 L.Jf8,a8,an28 

26 L.Jb9,c9,ani9 
25 FJa9,g9,d9 

24 LJf9,e9,an29 

23 £.3b10,c10,an110 
22 £.Ja10,g10,d10 
210 Jf10,e10,an210 


Figure 4: Pin Configuration (Outline dwg PL) 


NOTE: All typical values have been characterized but are not tested. 
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37 [DATA ACCEPTED OUTPUT 


7232 
AF 
BF 

(DIP) 


0366-7 


39 [2 WRITE INPUT 
38 [DATA INPUT 


S6EIVss 

35 £1) £10,e10,an210 
341.Ja10,g10,d10 
33 £.)b10,c10,an110 
32 £.319,e9,an29 

310 Ja9,g9,d9 

30 FJ b9,c9,an19 

29 J {8,a8,an28 
28 (.Ja8,g8,d8 

27 (-J]b8,c8,an18 

26 (J f7,e7,an27 

25 (Ja7,g7,d7 

24 LJb7,c7,an17 

23 J f6,e6,an26 

22 [Ja6,96,d6 
21{3b6,c6,an16 


37 LJDATA ACCEPTED OUTPUT 


0366-6 


bt,cf,antifJ 
al,gl,diiJ 
fl,el,an21(J 
b2,c2,ant2 (3 
a2,g2,d2 LI 


f2,e2,an22 LJ] 
b3,c3,ant3 £. 


f3,e3,an23 Co 
b4,c4,an14 Lo 


7231BF 
(Flatpack) 


o On nae wWwahhbs 


—_— =~ 
-_- © 


f4,e4,an24 LJ 
b5,¢5,an15 C2 


bi,ct,antifJ 

al,gi,d1 04 
f1,e1,an21t 
b2,¢2,ani2 Co) 


f2,e2,an22 Lo 
b3,c3,an13 £2 

a3,g3,d3 (2 
f3,e3,an23 (2 
b4,c4,an14 (2 


_} £8,68,an28 
LJ &8,98,d8 

LJ b8,c8,ani8 
Lad f7,67,an27 


0366-3 


oanoanektk WA HY — 
e 


—_— —_ 
_—_ © 


7232CR 


bi,cl,ant10J 

al,gi.ditJ 
f1,el,an21LJ 
b2,c2,an12 C. 


{2,e2,an22 LJ 


b3,c3,an13 C) 


f3,e3,an23 LJ) 
b4,c4,an14 tL 


5 
FA 
3 
a 
3 
g 
< 
3 
l 


J) DATA INPUT 


(Flatpack) 


a10,910,d10 Co 


ICM7231-ICM7232 


=) WRITE INPUT 
—) DATA INPUT 


e 
w 


7232BF 
(Flatpack) 


ooaoaonon one WwW BS = 


—_— —_ 
- 2 


b6,c6,an16 L 


Lad b6,¢6,an16 
ed 26,96,06 
Land £6,66,8N26 
aw) b7,67,8N27 
ed &7,97,67 


CJ) f7,a7,an27 
LJ b8,c8,ani8 
Ld &8,98,d8 

ad 18,68,an28 
Lad b9,c9,an19 


Figure 4: Pin Configuration (Continued) 


NOTE: All typical values have been characterized but are not tested. 
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PJ DATA ACCEPTED OUTPUT 


124) 


Lend £10,010,0n210 


Ld 210,910,010 


wt 610,c10,an110 


tJ} £9,69,an29 
J 29,99,d9 


t_) b9,c9,ant9 
tJ {8,68,an28 
ts a8,98,d8 

_} b8,c8,an18 
J f7,¢7,an27 


ICM7231-ICM7232 


ICM7231-ICM7232 


ICM7231-ICM7232 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vpp —Vsg) ...---- ce ececeeceeeeees 6.5V Power Dissipation{1] ...................08. 0.5W @ 70°C 
Input Voltagel2] .................08. Veg —0.3SVin<6.5 Operating Temperature Range ......... — 25°C to + 85°C 
Display Voltagel2] .................. —0.3<Vpisp< +0.3 Storage Temperature Range .......... —65°C to + 150°C 

Lead Temperature (Soldering, 10sec) ........... -,.. 300°C 


Notes: 1. This limit refers to that of the package’and will not be obtained during-normal operation. 
2. Due to the SCR structure inherent in these devices, connecting any display terminal or the display voltage terminal to a voltage outside the power supply 
to the chip may cause destructive device latchup. The digital inputs should never be connected to a voltage less than — 0.3 volts below ground, but may 
be connected to voltages above Vpp but not more than 6.5 volts above Vss. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. - 


ELECTRICAL CHARACTERISTICS " (V+ =5V+10%, Vgg= OV, Ta= — 25°C to + 85°C unless otherwise 


specified) 


Power Supply Voliage eee ee ee ee eer 
Vpop Data Retention Supply Voltage Guaranteed Retention at 2V | 2 716; | vi | 


Logic Supply Current Current from Vpp to Ground excluding 100 pA 
Display. Vpisp = 2V 


Shutdown Total Current Vpisp Pin 2 Open | 4 | 10 | pA 


Display Voltage Setup Vpisp = 2V Current from Vpp to 
Current Vpigp On-Chip 


LE: 
[| 06 Component of Display Sonals | (Gample Toston) 
[tase | DiplayFremeRato——=—=—~—=*d’ “Seguros —SSSCSCS~dCi 
tance io 

Sa 

car 

=a 


IL 
1H 
oP 


AC CHARACTERISTICS (Vpp=5V+10% Vgg=OV, —20°C<Ta< +85°C) 
PARALLEL INPUT (ICM7231) See Figure 14 


Data Accepted High Output Delay (Note 1) 
Write Delay After Last Clock (Note 1) 


NOTE 1: For design reference only, not 100% tested. 


NOTE: All typical values have been characterized but are not tested. 
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ICM7231-ICM7232 


TABLE OF FEATURES 


Annunciator 


ICM7231BF | Code B Both Annunciators Parallel Entry 8 Digits 
on BP3 4 bit Data plus 
2 bit Annunciators 16 Annunciators 
3 bit Address 
ICM7232AF Both Annunciators Serial Entry 10 Digits 


ICM7232BF Code B on BP3 4 bit Data plus 
2 bit Annunciators 
ICM7232CR Code B 1 Annunciator BP1 
1 Annunciator BP3 


4 bit Address 
TERMINAL DEFINITIONS 
ICM7231 PARALLEL INPUT NUMERIC DISPLAY 


| terminat | No | Description | Function = 
AN1 30 Annunciator 1 Control Bit High = ON 
AN2 31 Annunciator 2 Control Bit Low = OFF See Table 3 


BDO Least Significant 


20 Annunciators 


Input 
Data 
(See Table 1) 


4 Bit Binary 
Data Inputs 


Most Significant HIGH = Logical One (1) 


LOW = Logical Zero (0) 


Least Significant Input 
Address 


(See Table 2) 


Trailing (Positive aoina) edge latches data, 
causes data input to be decoded and sent 
out to addressed digit 


3 Bit Digit 
Address Inputs 


Most Significant 


Data Input Strobe/Chip Select (Note 3) 


NOTE: 3. CS has a special.” mid-level” sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this mode can be 
avoided by pulling it high when inactive, or ensuring frequent activity. 


ICM7232 SERIAL DATA AND ADDRESS INPUT 


| reminat_| Ro| —_oeserpton | etn 
Data Input 38 Data+ Address Shift Register Input HIGH = Logical One (1) 
LOW = Logical Zero (0) 


WRITE Input Decode, Output, and Reset Strobe When DATA ACCEPTED Output is LOW, positive 
going edge of WRITE causes data in shift register 
to be decoded and sent to addressed digit, then 
shift register and control logic to be reset. When 
DATA ACCEPTED Output is HIGH, positive going 
edge of WRITE triggers reset only. 


Positive going edge advances data in shift register. 
ICM7232: Eleventh edge resets shift register and 
control logic. 


Data Clock 
Input 


Data Shift Register and Control 
Logic Clock 


DATA 
ACCEPTED 
Output 


Handshake Output Output LOW when correct number of bits entered 


into shift register; |CM7232 8, 9 or 10 bits 


NOTE: All typical values have been characterized but are not tested. 
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ICM7231-1ICM7232 


| Outputs 


_the “a, g, d” segment line for four different ON/OFF combi- 


ICM7231-ICM7232 


ALL DEVICES | 7 


Display 2 Negative end of on-chip resistor Display voltage control. When open (or less than 
Voltage Vpisp string used to generate intermediate 1V from Vpp chip is shutdown; oscillator stops, all 
voltage levels for display. Shutdown Input. | display pins to Vpp. 


Drive display commons, or rows. 


Common 
Line Driver 


(On ICM7231) 
(On 1CM7232) 


Segment 
Line Driver 
Outputs 


Voo 40 | Chip Positive Supply 
Vss | 36 | Chip Negative Supply 


Drive display segments, or columns. 


~1CM7231 FAMILY DESCRIPTION The degree of polarization of the liquid crystal material 


and thus the contrast of any intersection depends on the 
-RMS voltage across the intersection capacitance. Note 


data bits and three digit address bits from parallel inputs from Figure 6 that the RMS OFF voltage Is always Vp/3 and 


controlled by a chip select input. The data bits are subdivid- that the RMS ay voltage is always ie Vp/3. 
ed into four binary code bits and two annunciator control For a 1/3 multiplexed LCD, the ratio of RMS ON to OFF 
bits. voltages is fixed at 1.92, achieving adequate display con- 


a trast with this ratio of applied RMS voltage makes some 
The ICM7232 drives 10 seven-segment digits with two ; ait ; 
independent annunciators per digit. To write into the dis- = Germands onWie Iiduid crystal Matetial used. 


The ICM7231 drives displays with 8 seven-segment digits 
with two independent annunciators per digit, accepting six 


play, six bits of data and four bits of digit address are ‘Figure 9 shows the:curve of contrast versus applied RMS 
clocked serially into a shift register, then decoded and writ. © -—«- Voltage for a liquid crystal material tailored for Vp=3.1V, a 
ten to the display. typical value for 1/4-multiplexed displays in calculators. Note 


that the RMS OFF voltage Vp/3~1V is just below the 
“threshold” voltage where contrast begins to increase. This 
places the RMS ON voltage at 2.1V, which provides about 
85% contrast when viewed straight on. 


Input levels are TTL compatible, and the DATA ACCEPT- 
ED output on the serial input devices will drive one LSTTL 
load. The intermediate voltage levels necessary to drive the 
display properly are generated by an on-chip resistor string, 


and the output of a totally self-contained on-chip oscillator All members of the ICM7231/ICM7232 family use an in- 
is used to generate all display timing. All devices in this  —_ ternal resistor string of three equal value resistors to gener- 
family have been fabricated using Harris’ MAXCMOS® pro- ate the voltages used to drive the display. One end of the 
cess and all inputs are protected against static discharge. string is connected on the chip to Vpp and the other end 

(user input) is available at pin 2 (Vpisp) on each chip. This 
TRIPLEXED (1/3 MULTIPLEXED) allows the display voltage input (Vpisp) to be optimized for 
LIQUID CRYSTAL DISPLAYS the particular liquid crystal material used. Remember that 


Vp=Vpp — Vpisp and should be three times the threshold 
voltage of the liquid crystal material used. Also it is very 
important that pin 2 never be driven below Vss. This can 
-cause device latchup and destruction of the chip. 


Figure 5 shows the connection diagram for a: typical :7- 
segment display with two annunciators such.as would be 
used with an ICM7231.or ICM7232 numeric display driver. 
Figure 6 shows the voltage waveforms of the common lines 
and one segment line, chosen for this example to be the “a, 
g, d’” segment line. This line intersects with BP1 to form the 
“a” segment, BP2 to form the ‘g” segment and BP3 to 
form the “d” segment. Figure 6 also shows the waveform of 


nations of the ‘a’, ‘“g” and ‘“‘d’” segments. Each intersec- 
tion (segment or annunciator) acts as a capacitance from 
segment line to common line, shown schematically in Figure 
7. Figure 8 shows the voltage across the “g’” segment for 
the same four combinations of ON/OFF segments used in 
Figure 6. 


SEGMENT LINE CONNECTION BACKPLANE CONNECTION 
0366-9 


Figure 5: Connection Diagrams for 
Typical 7-Segment Displays 


NOTE: All typical values have been characterized but are not tested. 
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| ov | o2 | os for f ot | of | 


TYPICAL 
SEGMENT LINE 
WAVEFORMS 


Figure 6: Display Voltage Waveforms 
NOTE: 41, $2, 63 — BP HIGH WITH RESPECT TO SEGMENT. 

$1 $2, 63: — BP LOW WITH RESPECT TO SEGMENT. 

BP1 ACTIVE DURING 4, AND $4 

BP2 ACTIVE DURING ¢2 AND $2: 

BP3 ACTIVE DURING 43 AND $3: 


i] 

Q 

‘ SEGMENT 
LINES 


egeeeaoee2aeaeewoa2e2ea 
Ls 


0366-11 
Figure 7: Display Schematic 


NOTE: All typical values have been characterized but are not tested. 


9-61 


ICM7231-ICM7232 


| or | o2 | o3 | ov | o2 | os | Vp = V* - Voise 
- COMMON AND 
SEGMENT PEAK TO 
PEAK VOLTAGE 


V; 
9 = Vams OFF 


= Vams OFF 
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Figure 8: Voltage Waveforms on 
Segment 9(Vg) 


VOLTAGE CONTRAST RATIO 


NOTE: $4, 62, 63- BP HIGH WITH RESPECT TO SEGMENT. 
4", 62", 63'- BP LOW WITH RESPECT TO SEGMENT. 
BP1 ACTIVE DURING $; AND $4 
BP2 ACTIVE DURING $2 AND do: 
BP3 ACTIVE DURING $3 AND $3: 


ICM7231-ICM7232 


ICM7231-ICM7232 


CONTRAST (%) 


APPLIED VOLTAGE (Vams) 


0366-13 
Figure 9: Contrast vs. Applied RMS Voltage 


PEAK VOLTAGE 
FOR 90% CONTRAST 


PEAK VOLTAGE 


PEAK VOLTAGE 
0% CONTRAST 
(OFF) 


10 20 


AMBIENT TEMPERATURE (°C) 


0366-14 
Figure 10: Temperature Dependence 
of LC Threshold 


TEMPERATURE EFFECTS AND 
TEMPERATURE COMPENSATION 


The performance of the LCD material is affected by tem- 
perature in two ways. The response time of the display to 


changes of applied RMS voltage gets longer as the display 


temperature drops. At very low temperatures (— 20°C) some 
displays may take several seconds to change a new char- 
acter after the new information appears at the outputs. 
However, for most applications above 0°C this will not be a 
problem with available multiplexed LCD materials, and for 
low-temperature applications, high-speed liquid crystal ma- 
terials are available. On high temperature, effect to consider 
deals with plastic materials used to make the polarizer. 


NOTE: All typical values have been characterized but are not tested. 
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Some polarizers become soft at high temperatures and per- 
manently lose their polarizing ability, thereby seriously de- 
grading display contrast. Some displays also use sealing 
materials unsuitable for high temperature use. Thus, when 
specifying displays the following must be kept in mind: liquid 
crystal material, polarizer, and seal materials. 

A more important effect of temperature is the variation of 
threshold voltage. For typical liquid crystal materials suit- 
able for multiplexing, the peak voltage has a temperature 
coefficient of —7 to —14 mV/°C. This means that as tem- 
perature rises, the threshold voltage goes down. Assuming 
a fixed value for Vp, when the threshold voltage drops be- 
low Vp/3 OFF segments begin to be visible. Figure 10 
shows the temperature dependence of peak voltage for the 
same liquid crystal material of Figure 9. 


For applications where the display temperature does not 
vary widely, Vp may be set at a fixed voltage chosen to 
make the RMS OFF voltage, Vp/3, just below the threshold 
voltage at the highest temperature expected. This will pre- 
vent OFF segments turning ON at high temperature (this at 
the cost of reduced contrast for ON segments at low tem- 
peratures). : 


For applications where the display temperature may vary 
to wider extremes, the display voltage Vpisp (and thus Vp) 
may require temperature compensation to maintain. suffi- 
cient contrast without OFF segments becoming visible. 


DISPLAY VOLTAGE AND 
TEMPERATURE COMPENSATION 


These circuits allow control of the display peak voltage by 
bringing the bottom of the voltage divider resistor string out 
at pin 2. The simplest means for generating a display volt- 
age suitable to a particular display is to connect a potenti- 
ometer from pin 2 to Vss as shown in Figure 11. A potenti- 
ometer with a maximum value of 200 kN should give suffi- 
cient range of adjustment to suit most displays. This method 
for generating display voltage should be used only in appli- 
cations where the temperature of the chip and display won't 
vary more than +5°C (+9°F), as the resistors on the chip 
have a positive temperature coefficient, which will tend to 
increase the display peak voltage with an increase in tem- 
perature. The display voltage also depends on the power 
supply voltage, leading to tighter tolerances for wider tem- 
perature ranges. 


Figure 11: Simple Display 
Voltage Adjustment 


Figure 12(a) shows another method of setting up a dis- 
play voltage using five silicon diodes in series. These di- 
odes, 1N914 or equivalent, will each have a forward drop of 
approximately 0.65V, with approximately 20A flowing 
through them at room temperature. Thus, 5 diodes will give 
3.25V, suitable for a 3V display using the material properties 
shown in Figures 9 and 10. For higher voltage displays, 
more diodes may be added. This circuit provides reason- 
able temperature compensation, as each diode has a nega- 
tive temperature coefficient of —2 mV/°C; five in series 
gives —10 mV/°C, not far from optimum for the material 
described. 


The disadvantage of the diodes in series is that only inte- 
gral multiples of the diode voltage can be achieved. The 
diode voltage multiplier circuit shown in Figure 12(b) allows 
fine-tuning the display voltage by means of the potentiome- 
ter; it likewise provides temperature compensation since the 
temperature coefficient of the transistor base-emitter junc- 
tion (about —2 mV/°C) is also multipled. The transistor 
should have a beta of at least 100 with a collector current of 
10 pA. The inexpensive 2N2222 shown in the figure is a 
suitable device. 


1N914 2 Vpisp 
DIODES “ 


Figure 12(a): String of Diodes 


Vpop 


200k2 
POTENTIOMETER 2N2222 
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Figure 12(b): Transistor-Multiplier 


Figure 12: Diode-based Temperature 
- Compensation 


NOTE: All typical values have been characterized but are not tested. 
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SYSTEM 
PROCESSOR, ICL7663S 
ETC. Voey 
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Figure 13: Flexible Temperature 
Compensation 


[ICM7231-ICM7232 


ICM7231-ICM7232 


(ee J ° o.¢ 
OC) 
07a rere eer ecele 


PARALLEL INPUT TIMING 1CM7233 
(ICM7231 HAS ONLY ONE CHIP SELECT. 1T APPEARS AT PIN 1.) 


ICM7231-ICM7232 


OO 
SSO ICS 


ont 
e 


DO NOT CARE 


Figure 14: Parallel Input Timing 


OATA 
CLOCK 
INPUT 
(PER BIT 
OF DATA) 


¢. 
O OOO 
eo teete tate tete’ 


ACCEPTED 
OUTPUT 


RESETS SHIFT REGISTER 
AND INPUT CONTROL 
LOGIC WHEN DATA 
ACCEPTED HIGH 


ELEVENTH CLOCK. 
WITH NO WRITE PULSE 
RESETS SR + LOGIC 

i 
{ 


A 


DECODES AND STORES 
DATA, RESETS SHIFT 
REGISTER ANDO LOGIC 
WHEN DATA ACCEPTED 
IS LOW 


OO NOT CARE 
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Figure 15: ICM7232 One Digit Input Timing Diagram, Writing Both Annunciators 


For battery operation, where the display voltage is gener- 
ally the same as the battery voltage (usually 3-4.5V), the 
chip may be operated at the display voltage, with Vpisp 
connected to Vss. The inputs of the chip are designed such 


that they may be driven above Vpp without damaging the 


chip. This allows, for example, the chip and display to oper- 
ate at a regulated 3V, and a microprocessor driving its in- 
puts to operate with a less well controlled 5V supply. (The 
inputs should not be driven more than 6.5V above GND 
under any circumstances.) This also allows temperature 
compensation with the ICL76635, as shown in Figure 13. 
This circuit allows independent adjustment of both voltage 
and temperature compensation. 


NOTE: All typical values have been characterized but are not tested. 
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DESCRIPTION OF OPERATION 
PARALLEL INPUT OF DATA AND ADDRESS 
(1CM7231) 


The parallel input structure of the ICM7231 device is or- 
ganized to allow simple, direct interfacing to all microproc- 
essors, (see functional diagram Figure 1). In the 1CM7231, 
address and data bits are written into the input latches on 
the rising edge of the Chip Select input. 


7 Zn 
RESETS SHIFT REGISTER 
AND CONTROL LOGIC 


: t 


WHEN DATA ACCEPTED 
'S HIGH 


ICM7231-ICM7232 


eo 
LAST 


70% %", °°, 
SI50505 ssesearasssseeens 


SESS oneeeee, 
ote: 


52505 70%, 
(A 
CO) 535 ¢ O55o5 @ 4, 


; DECODES AND STORES 
| DATA, RESETS SHIFT 
REGISTER AND LOGIC 
WHEN DATA ACCEPTED 
tS LOW 


Figure 16: ICM7232 Input Timing Diagram, Leaving Both Annunciators Off 


The rising edge of the Chip Select also triggers an on- 
chip pulse which enables the address decoder and latches 
the decoded data into the addressed digit/character out- 
puts. The timing requirements for the parallel input device 
are shown in Figure 14, with the values for setup, hold, and 
pulse width times shown in the AC Characteristics section. 
Note that there is a minimum time between Chip Select 
pulses; this is to allow sufficient time for the on-chip enable 
pulse to decay, and ensures that new data doesn’t appear 
at the decoder inputs before the decoded data is written to 
the outputs. 


SERIAL INPUT OF DATA’ AND ADDRESS © 
(ICM7232) . 


The 1CM7232 trades six pins used as data inputs on the’ 


ICM7231 for six more segment lines, allowing two more 9- 
segment digits. This is done at the cost of ease in interfac- 
ing, and requires that data and address information be en- 
tered serially. Refer to functional diagram, Figure 2 and tim- 
ing diagrams, Figures 15 and 16. The interface consists of 
four pins: DATA Input, DATA CLOCK Input, WRITE Input 
and DATA ACCEPTED Output. The data present at the 
DATA Input is clocked into a shift register on the rising edge 
of the DATA CLOCK Input signal, and when the correct 
number of bits has been shifted into the shift register (8 in 
the ICM7232), the DATA ACCEPTED Output.goes low. Fol- 


ed 


lowing this, a low-going pulse at the WRITE input will trigger _. 


the chip to decode the data and store it in the output latch- 
es of the addressed digit/character. After the data is 
latched at the outputs, the shift register and the control logic 
are reset, returning the DATA ACCEPTED Output high. Af- 
ter this occurs, a pulse at the WRITE input will not 


NOTE: Ail typical values have been characterized but are not tested. 
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change the outputs, but will reset the control logic and shift 
register, assuring that each data bit will be entered into the 
correct position in the shift register depending on subse- 
quent DATA CLOCK inputs. 


The shift register and control logic will also be reset if too 
many DATA CLOCK INPUT edges are received; this pre- 
vents incorrect data from being decoded. In the ICM7232, 
the eleventh clock resets the shift register and control logic. 


The recommended procedure for entering data is shown 
in the serial input timing diagram, Figure 15. First, when 
DATA ACCEPTED.is high, send a WRITE pulse. This resets 
the shift register and contro! logic’and initializes the chip for 
the data input sequence. Next clock in the appropriate num- 


ber of correct data and address bits. The DATA ACCEPTED © 


Output may be monitored if desired, to determine when the 
chip is ready to output the decoded data. When the correct 
number of bits has been entered, and the DATA ACCEPT- 
ED Output is low, a pulse at WRITE will cause the data to 
be decoded and stored in the latches of the addressed dig- 
it/character. The shift register and control logic are reset, 
causing DATA ACCEPTED to return high, and leaving the 
chip ready to accept data for the next digit/character. 


Note that for the ICM7232 the eleventh clock resets the 
shift register and control logic, but the DATA ACCEPTED 


Output goes low after the eighth clock. This allows the user: 


to abbreviate the data to eight bits, which will write the cor- 
rect character: to the 7-segment display, but will: leave the 
annunciators off, as shown in Figure: 16.- 


If only AN2 is to be turned on, nine bits are clocked in; if 
AN1 is to be turned on, all ten bits are used. 


ICM7231-ICM7232 


ICM7231-iCM7232 


The DATA ACCEPTED Output will drive one low-power 
Schottky TTL input, and has equal current drive capability 
pulling high or low. 


Note that in the serial input devices, it is possible to ad- 
dress digits/characters which don’t exist. As shown in Ta- 
bles 2 and 5, when an incorrect address is applied together 
with a WRITE pulse, none of the outputs will be changed. 


DISPLAY FONTS AND OUTPUT CODES 


The standard versions of the 1CM7231 and ICM7232 
chips are programmed to drive a 7-segment display plus 
two annunciators per digit. See Table 3 for annunciator in- 
put controls. 


The “A” and ‘‘B” suffix chips place both annunciators on 
BP3. The display connections for one digit of this display 
are shown in Figure 17. The “A” devices decode the input 
data into a hexadecimal 7-segment output, while the “B” 
devices ‘supply Code B. outputs (see Table 1). 

The ‘‘C” devices place the left hand annunciator on BP1 
and the right hand annunciator (usually a decimal point) on 
BP3. (See Figure 18). The “C’’ devices provide only a 
“Code B” output for the 7-segments. 


TABLE 1. BINARY DATA DECODING (ICM7231/32) 


0366-23 


. NOTE: All typical values have been characterized but are not tested. 
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—1CM7231-ICM7232 


TABLE 2.:ADDRESS DECODING (ICM7231/32) 


ICM7232 
Only 
A3 


QO 
oO 
a. 
1) 
3 
a] 
= 
-~ 


ICM7231 A/B 
ICM7232 A/B 


Display 
Output 
Digit 
Selected 


ICM7231C 
ICM7232C 


ICM7231-ICM7232 


SEGMENT LINES COMPATIBLE DISPLAYS 


Compatible displays are manufactured by: 


ee G.E. Displays Inc., Beechwood, Ohio 
BP1 (216)831-8100 (#356E3R99HJ) 
Ca Epson America Inc., Torrance CA 
BP2 (Model Numbers LDB726/7/8). 
Seiko Instruments USA Inc., Torrance CA 
BP3 


(Custom Displays) 
Crystaloid, Hudson, OH 


n 
o 
“ 
~ 
= 
o 

| 
= 
o 
rr 
bs 
= 
° 


ant 


SEGMENT LINE CONNECTIONS BACKPLANE CONNECTIONS 


0366-25 
Figure 17: ICM7231 and ICM7232 
Display Fonts (“A” and “B” Suffix Versions) 


SEGMENT LINES 


BP1 
BP2 
BP3 


SEGMENT LINE CONNECTIONS BACKPLANE CONNECTIONS 


* ANNUNCIATORS CAN BE: [STOP] . _A, $ - ARROWS 
THAT POINT TO INFORMATION PRINTED AROUND THE DISPLAY 
OPENING, ETC., WHATEVER THE DESIGNER CHOOSES TO INCORPORATE 
IN THE LIQUID CRYSTAL DISPLAY. 


0366-26 


Figure 18: |ICM7231 Display 
Fonts (“C”’ Suffix Versions) 


NOTE: Ail typical values have been characterized but are not tasted. 
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ICM7231-ICM7232 


ICM7 231-ICM7232 


APPLICATIONS 


(med) [rer] [rmamro)]  Lencoumcr] 


6.8.8.8.8.8.8.8. 


1CM7226A 


Qo GQ, GQ, €1 Vv’ 


0366-32 
Figure 23: 10MHz Frequency/Period Pointer with LCD Display. 
The annunciators show function and the decimal points indicate the range of the current operation. The 
system can be efficiently battery operated. | 


ICM7231AF/BF 
TOP VIEW 


TO INPUT 


Figure 24: “Forward” Pin Orientation and Display Connections 


NOTE: All typical values have been characterized but are not tested. 
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ICM7231-ICM7232 


(Secr] « [RO)) Fomwano) A 


§9.98888.88.8. 


ICM7231-ICM7232 


PCB TRACES UNDER PACKAGE 


Figure 25: “Reverse” Pin Origntation and Display Connections 


NOTE: All typical values have been characterized but are not tested. 
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ICM7243 


RIS 


SEMICONDUCTOR 


aD 


GENERAL DESCRIPTION 


The ICM7243 is an 8-character alphanumeric display driv- 
er and controller which provides all the circuitry required to 
interface a microprocessor or digital system to a 14- or 16- 
segment display. It is primarily intended for use in micro- 
processor systems, where it minimizes hardware and soft- 
ware overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8X6 memory, high power character and 
segment drivers, and the multiplex scan Circuitry. 


Six-bit ASCII data to be displayed is written into the mem- 
ory directly from the microprocessor data bus. Data location 
depends upon the selection of either Sequential 
(MODE= 1) or Random access mode (MODE= 0). In the 
Sequential Access mode the first entry is stored in the low- 
est location and displayed in the “‘left-most” character posi- 
tion. Each subsequent entry is automatically stored in the 
next higher location and displayed to the immediate “right” 
of the previous entry. A DISPlay FULL signal is provided 
after 8 entries; this signal can be used for cascading devic- 
es together. A CLeaR pin is provided to clear the memory 
and reset the location counter. The Random Access mode 
allows the processor to select the memory address and dis- 
play digit for each input word. 


The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. Intercharacter blanking is pro- 
vided to avoid display ghosting. 


16-Segment Character 


TOP VIEW 


0368-1 


Common Cathode Display Driver 


ICM7243 


8-Character uwP-Compatible 


LED Display Decoder Driver 


FEATURES 
© 14- and 16-Segment Fonts With Decimal Point 


® Mask Programmable For Other Font-Sets Up to 64 
Characters 


© Microprocessor Compatible 
® Directly Drives LED Common Cathode Displays 
© Cascadable Without Additional Hardware 


© Standby Feature Turns Display Off; Puts Chip in Low 
Power Mode 


© Sequential Entry or Random Entry of Data Into 
Display 
® Single +5V Operation 


© Character and Segment Drivers, All MUX Scan 
Circuitry, 86 Static Memory and 64-Character ASCII 
Font Generator Included On-Chip 


ORDERING INFORMATION 


Part 


ICM7243AIPL —20°C to + 85°C 40 Pin PLASTIC 
ICM7243BIPL — 20°C to + 85°C 40 Pin PLASTIC 


14-Segment Character 


TOP VIEW 


0368-2 
- Common Cathode Display Driver 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 9-70 


ICM7243 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vpp—Vss) ...--.- eee cee cee cee nees 6V Operating Temperature Range.......... — 25°C to + 85°C 
CHARacter Output Current ..................05- 300mA Storage Temperature Range .......... —55°C to + 125°C 
SEGment Output Current ................ 0 eee eee 30mA Lead Temperature (Soldering, 10sec) ............. 300°C 
Input Voltage (Any Terminal) .. (Vpp + 0.3V) to (Vss —0.3V) 
Power Dissipation ......... 0... cc cece ccc e cee eee eees 1W 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Q 
DATA INPUT — p _ DATA SEGMENT SEGMENT OUTPUTS 
Does LATCHES DRIVERS 


DRIVERS CHARACTER OUTPUTS 


7 
CHARACTER CHARy 


D ADDRESS 
mn LATCHES 


is p c gq i? ey cL sls *1CM7243A HAS ONLY ONE CS AND 
CONTROL 
LATCH 


4 MULTIPLEXER 


t ; SEQUENTIAL AND NO CS, ICM7243B HAS 15 SEGMENTS 
>| CLR 


ADDRESS DECODER 
Ad/ DISP FULL <——> 42 OVERFLOW 


COUNTER 
] | CHARACTER , 
OSC/OFF <b] eel are PL MULTIPLEX 
| COUNTER INTER=CHARACTER BLANKING 
Figure 2: Functional Diagram 


DC ELECTRICAL CHARACTERISTICS  (Vpp=5V, Vss=0V, Ta = 25°C unless otherwise stated) 


Parameter Test Conditions | 
| min | Typ | Max | 


[20 | 280 
ace ea 
co ieee 

=o [+10 | pa 


cS 


NOTE: All typical values have been characterized but are not tested. 
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ICM7243 


ICM7243 


ICM7243 


DC ELECTRICAL CHARACTERISTICS  (Vpp=5V, Vss= OV, Ta= 25°C unless otherwise stated) 
(Continued) | . 


CHARacter Drive Current Vsupp = 5V, VouT=1V 
SEGment Drive Current Vsupp= 5V, Vout = 2.5V 
2.4 


T 
1 


ce a 


DISPlay FULL Output Low loL=1.6mA 
VoH DISPlay FULL Output High b= 100pA | 24 
Display Scan Rate a Se 


AC ELECTRICAL CHARACTERISTICS (Drive levels 0.4V and 2.4V, timing measured at 0.8V and 2.0V. 
Vpp = 5V, Ta = 25°C unless otherwise stated). 


WR, CLeaR Pulse Width Low 
WR, CLeaR Pulse Width High (Note 1) 


—— 
eee 
ton | Oatatotine 
Tos | Datasouptime SSCs 
Tis | Adress Holdtine ———C*dS 
Tus | Adress Souptine SiS 
a 
Tt | Pulse transtiontine 
Ttsey | SeNSeuptins ——SSSC=*dSSCSC*d 
a 


CAPACITANCE 


Se 
input Capacitance (Note 2) 
Output Capacitance (Note 2) 


NOTES: 1. In Sequential mode WR high must be > Tsen + Twor- 
2. For design reference only, not 100% tested. 


TYPICAL PERFORMANCE CHARACTERISTICS 


SEGment Current vs Output Voltage CHARacter Current vs Output Voltage 


Vpop = 5.5V_ 


Ba: 
a 


CHARacter Voitage ) 


0368-5 


NOTE: All typical values have been characterized but are not tested. 
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ICM7243 


ICM7243A/B DISPLAY FONT AND SEGMENT ASSIGNMENTS 


Note: Some display manufacturers use different designations for some of the segments. Check data sheets carefully. 


Figure 3: ICM7243A 16-Segment 
Character Font with Decimal Point 


NOTE: Segments a and d appear as 2 segments each, but both halves 
are driven together. 


Figure 4: ICM7243B 14-Segment 
Character Font with Decimal Point 


NOTE: All typical values have been characterized but are not tested. 
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SEGMENT 


ViEo = 1.6V 
Rrvpicar = 1000 


SEG, DISPLAY 


CHAR, SEGMENTLEDs . 


| 
| 
Vgg_ | 
i 


Figure 5: Segment and Character 
Drivers Output Circuit 


PER OO af DKON 
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Figure 6: Random Access Timing 


ICM7243 


ICM7243 


1ICM7243 


DISPLAY FULL 


Figure 7: Sequential Access Mode Timing (Mode = 1) 


TABLE 1: PIN DESCRIPTIONS, ICM7243A(B) 


Selects data entry MODE. High selects Sequential Access (SA) 
mode where first entry is displayed in “leftmost character and 
subsequent entries appear to the “right”. Low-selects the Ran- 
dom Access (RA) mode where data is displayed on the charac- 
ter addressed via Ag—Ao Address pins. 


In RA mode it is the LSB of the character Address. In SA mode it 
is used for cascading devices for displays of more than 8 charac- 
ters (active high enables device controller). 


In RA mode this is the second bit of the address. In SA mode, a 
low input will CLeaR the Serial Address Counter, the Data Mem- 
ory and the display. 


OSCillator input pin. Adding capacitance to Vpp will lower the 
internal oscillator frequency. An external oscillator can be ap- 
plied to this pin. A low at this input sets the device into a (shut 


Ao/DISPlay FULL 
down) mode, shutting OFF the display and oscillator but retain- 


OSC/OFF 27 
ing data stored in memory. 


SEG, —-SEGp, D.P. 2-9, 32-40 SEGment driver outputs. 
(2 - 7), (32-40) 
CHARacter 1 -8 18 -21, CHARacter driver outputs. 
23 -26 


NOTE: All typical values have been.characterized but are not tested. 
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IGM 7243 
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o1L 


i 


CHAR 5 


Figure 8: Test Circuit 


DETAILED DESCRIPTION 


WR, CS, CS. These pins are immediately functionally 
ANDed, so all actions described as occurring on an edge of 
WR, with CS and CS enabled, wil! occur on the equivalent 
(last) enabling or (first) disabling edge of any of these in- 
puts. The delays from CS pins are slightly (about 5ns) great- 
er than from WR or CS due to the additional inverter re- 
quired on the former. 


MODE. The MODE pin input is latched on the falling edge 
of WR (or its equivalent, see above). The location (in Data 
Memory) where incoming data will be placed is determined 
either from the Address pins or the Sequential Address 
Counter. This is controlled by MODE input. MODE also con- 
trols the function of Ao/SEN, Aj;/CLR, and Ao/DISPlay 
FULL lines. 


Random Access Mode. When the internal mode latch is 
set for Random Access (RA) (MODE latched low), the Ad- 
dress input on Ag, A; and Ao will be latched by the falling 


NOTE: All typical values have been characterized but are not tested. 


edge of WR (or its equivalent). Subsequent changes on the 
Address lines will not affect device operation. This allows 
use of a multiplexed 6-bit bus controlling both address and 
data, with timing controlled by WR. 


Sequential Access Mode. If the internal latch is set for 
Sequential Access (SA), (MODE latched high), the Serial 
ENable input or SEN will be latched on the falling edge of 
WR (or its equivalent). The CLR input is asynchronous, and 
will force-clear the Sequential Address Counter to address 
000 (CHARacter 1), and set all Data Memory contents to 
100000 (blank) at any time. The DISPlay FULL output will 
be active in SA mode to indicate the overflow status of the 
Sequential Address Counter. If this output is low, and SEN 
is (latched) high, the contents of the Counter will be used to 
establish the Data Memory location for the Data input. The 
Counter is then incremented on the rising edge of WR. If 
SEN is low, or DISPlay FULL is high, no action will occur. 
This allows easy ‘“daisy-chaining”’ of display drivers for mul- 
tiple character displays in a Sequential Access mode. 
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ICM7243 


ICM7243 
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CHAR 6 | INTERCHARACTER BLANKING 
CHAR 7 | 
CHAR 8 | 


; : 0368-17 
Figure 9: Display Characters Multiplex Timing Diagram 


NOTE: All typical values have been characterized but are not tested. 
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Changing Modes. Care must be exercised in any appli- 
cation involving changing from one mode to another. The 
change will occur only on a falling edge of WR (or its equiv- 
alent). When changing mode from Sequential Access to 
Random Access, note that Ao/DISPlay FULL will be an 
output until WR has fallen low, and an Address drive here 
could cause a conflict. When changing from Random Ac- 
cess to Sequential Access, A;/CLR should be high to 
avoid inadvertent clearing of the Data Memory and Sequen- 
tial Address Counter. DISPlay FULL will become active im- 
mediately after the rising edge of WR. 


Data Entry. The input Data is latched on the rising edge 
of WR (or its equivalent) and then stored in the Data Memo- 
ry location determined as described above. The six Data 
bits can be multiplexed with the Address information on the 
same lines in Random Access mode. Timing is controlled 
by the WR input. 

OSC/OFF. The device includes a relaxation oscillator 
with an internal capacitor and a nominal frequency of 
200kHz. By adding external capacitance to Vpp at the 
OSC/OFF pin, this frequency can be reduced as far as de- 
sired. Alternatively, an external signal can be injected on 
this pin. The oscillator (or external) frequency is pre-divided 
by 64, and then further divided by 8 in the Multiplex Counter, 
to drive the CHARacter drive lines (see Figure 9). An inter- 
character blanking signal is derived from the pre-divider. An 
additional comparator on the OSC/OFF input detects a lev- 
el lower than the relaxation oscillator’s range, and blanks 


APPLICATIONS 


8 CHARACTER LEO OISPLAY 


iS 


FIRST 8 CHARACTERS 


8 CHARACTER LEO DISPLAY 


HARAIS 


SECOND 8 CHARACTERS 


ICM7243 


the display, disables the DISPlay FULL output (if active), 
and clears the pre-divider and Mutliplex Counter. This puts 
the circuit in a low-power-dissipation mode in which all out- 
puts are effectively open circuits, except for parasitic diodes 
to the supply lines. Thus a display connected to the output 
may be driven by another circuit (including another 
ICM7243) without driver conflicts. 


Display Output. The output of the Multiplex Counter is 
decoded and multiplexed into the address input of the Data 
Memory, except during WR operations (in Sequential Ac- 
cess mode, with SEN high and DISPlay FULL low), when it 
scans through the display data. The address decoder also 
drives the CHARacter outputs, except during the inter-char- 


- acter blanking interval (nominally about 54s). Each CHAR- 


acter output lasts nominally about 300s, and is repeated 
nominally every 2.5ms, i.e., at a 400Hz rate (times are 
based on internal oscillator without external capacitor). 


The 6 bits read from the Data Memory are decoded in the 
ROM to the 17 (15 for ICM7243B) segment signals, which 
drive the SEGment outputs. Both CHARacter and SEGment 
outputs are disabled during WR operations (with SEN high 
and DiSPlay FULL Low for Sequential Access mode). The 
outputs may also be disabled by pulling OSC/OFF low. 


The decode pattern from 6 bits to 17 (15) segments is 
done by a ROM pattern according to the ASCII font shown. 
Custom decode patterns can be arranged, within these limi- 
tations, by consultation with the factory. 


& CHARACTER LEO DISPLAY 


n* 8 CHARACTERS 


°17 for ICM7243A, 15 for ICM72438 


Figure 10: Multicharacter Display using Sequential Access Mode 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 
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Figure 11: Driving Two Rows of Characters from a Serial Input. 


UART converts data stream to parallel bytes. Bit 7 of each word sets which row data will be entered into. 
Bit 8 will blank and reset whole display if low. Each MODE pin should be tied high. ICM7243A can also be 
used, with inverter on RBR7 for one row. 


COMPONENT SELECTION a 


Displays suitable for use with the ICM7243 may be ob- 
tained from the following manufacturers; among others: 


Hewlett Packard Components, Palo Alto, California (415) 
857-6620 (part #HDSP6508, HDSP6300) 


General Instruments Inc., Palo Alto, California (415) 493- 
0400 (part #MAN2815) 


NOTE: All typical values have been characterized but are not tested. 
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Texas Instruments Inc., Dallas, Texas (214) 995-6611 
(part #HDSP6508) 

A.N.D., Burlingame, California (415) 347-9916 (part 
# AND370R) | | 

IEE Inc., Van Nuys, California (213) 787-0311 (part 
#LR3784R) 


ICM7243 


ICM7243 


eee ORG RR ———————Ee estes 


aeey 
of oe LS pan Sa ae oe LS CS Az A; Ao Ds-o WR 
Pt | le 


0368-14 
Figure 12: Random Access 32-Character Display in a 80C48 system. 


One port line controls Ag, other two are CS lines. 8-bit data bus drives 6 data and 2 address lines. MODE 
should be GrouNDed on each part. 
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(a) : (b) 


Common Cathode Displays Common Anode Displays 


Figure 13: Driving Large Displays. 


The circuits of Figures 13a and 13b can be used to drive 0.5” or larger alphanumeric displays, either common cathode (13a) or common anode (13b). 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data |/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun- 
ters from 1/100 seconds to years. The counters are con- 
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla- 
tor frequency is achieved through the use of an on-chip reg- 
ulated power supply. 


The device access time (tac) of 300ns eliminates the 
need for wait states or software overhead with most micro- 
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/data bus. With these two special fea- 
tures, the ICM7170 can be easily interfaced to any available 
microprocessor. 


The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to pro- 
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 

An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func- 
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper- 
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy- 
cle. Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


ORDERING INFORMATION 


Number Range 
ICM7170IDG —40°C to + 85°C | 24-Pin Ceramic 
JOM7170AIPG_| -40°Gto +85C_| 24-Pin Plastic Dip 


ICM7170AIDG —40°C to + 85°C 24-Pin Ceramic 
ICM7170AIBG — 40°C to + 85°C 24-Pin SOIC 
ICM7170AMDG | —55°C to + 125°C | 24-Pin Ceramic 


“A” Parts Screened to <5 nA Istpy @ 32 KHz 


ICM7170 
uP-Compatible 
Real-Time Clock 


FEATURES 


e 8-Bit ».P Bus Compatible 
—Multiplexed or Direct Addressing 


® Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 


© Time From 1/100 Seconds to 99 Years 
© Software Selectable 12/24 Hour Format 


© Latched Time Data Ensures No Roll-Over During 
Read 


© Full Calendar With Automatic Leap Year Correction 
® On-Chip Battery Backup Switchover Circuit 
© Access Time Less Than 300ns 


© 4 Programmable Crystal Oscillator Frequencies over 
industrial Temp Range 


© 3 Programmable Crystal Oscillator Frequencies over 
Military Temp Range 
© On-Chip Alarm Comparator and RAM 


© Interrupts from Alarm and 6 Selectable Periodic 
Intervals 


© Standby Micro-Power Operation: 1.2uA Typical at 
3.0V and 32kHz Crystal 


APPLICATIONS 
® Portable and Personal Computers °@ Data Logging 
© Industrial Control Systems ® Point Of Sale 


Plastic & Ceramic 


ICM 7170 


19 
ICM 7170 
18 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ICM7170 °c 
~ 
bl 
Pea 
ABSOLUTE MAXIMUM RATINGS z 
BUDDY VONAGS owns boo sete hated Cyacien wahan Kode 8V Operating Temperature ............... —40°C to +85°C = 
Power Dissipation (Note 1)................0 00 eee 500mW Storage Temperature ................ —65°C to + 150°C 
Input Voltage (Any Terminal) Lead Temperature (Soldering, 10sec) ............. 300°C 
(NOlE: 2): Boxes awh cee te soreus Vpp + 0.3V to Vss —0.3V 


NOTE 1: Ta= 25°C. 


NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than Vpp or less than Vsg may cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the 1CM7170 be turned on first. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


OSCILLATOR 
CRYSTAL 


osc Osc 
OUT tM 


INTERRUPTS 


corPane { 


PERIODIC 


ADDRESS 


INPUTS rs ) AOBRESS 
hoa LATCHES 


| 8-BIT BUS 


Figure 2: Functional Diagram 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


(Ta= —40°C to + 85°C, Vpp= + 5V +10%, Vaackup=Vpp; Vss = OV unless otherwise specified) 


All lpp specifications include all input and output leakages (7170 and 7170A) 
Test Conditions eRe clication 


Symbol Parameter 
= 5, 
Vop Vop Supply Range ois Cam Salil p19 | | 88 | 
Fosc = 1,2, 4MHz jes | | 55 | 
20.0 


Pins 1-8, 15-22 & 24 = Vpp 


Vpop = Vss; Vaackup = Vpp — 3.0V 
For 7170A See General Note (5) 


IstBy(1) | Standby Current 


Fosc = 4MHz 
Pins 1-8, 15-22 & 24 = Vpp 


ISTBY(2) i] re 
Vpp = Vss; Veackup = Vop — 3.0V | 
=. Fosc = 32kHz 
0.3 1.2 A 
IDD(1) Operating Supply Cuma Read/Write Operation at 100Hz | fos | 12 | ma | 
, Fosc = 32kHz 
Operaling Supply Caren Read/Write Operation at 1MHz = 


“A” Parts Screened to <5 vA Istpy @ 32 KHz 


Standby Current 


NOTE: All typical values have been charactenzed but are not tested. 
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| READ to DATA valid es ee ee ee 


ICM7170 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


(Ta= —40°C to + 85°C, Vpp= + 5V +10%, VBACKUP =Vpp, Vss = OV unless otherwise specified) (Continued) 
All Ipp specifications include all input and output leakages (7170 and 7170A) 


win [tye [wax 


Input low voltage (Except Osc.) | _Vpp=5.0V | ae ee ae ee 
Input high voltage (Except Osc.)_|_Vpp=5.0V ys ee eee eee 
Output low voltage (Except Osc.) lol =1.6mA 

Output high voltage except ae 

INTERRUPT (Except Osc.) loH= 400 uA a 

Input leakage current 
lou) Tristate leakage current (Do-D7) | Vo=VoporVss | = 100 | 
VBaTTERY | Backup Battery Voltage | Fosc=1,2,4MHz | 2.6 
Veattery | Backup Battery Voltage Fosc = 32kHz 
a im 
Cio CAPACITANCE Do-D7 a 

4 ae 


VOL 
VOH 
ue 


CappRESS CAPACITANCE Ag-A 
CcontroL | CAP. RD, WR, CS ALE 
Cin Osc._| Total Osc. Input Cap acini eee: a i 


AC CHARACTERISTICS (ta=—40°C to +85°C, Vpp = +5V +10%, Veackup=Vpp; Do-D7 Load 


Capacitance= 150pF, Vj, =0.4V, Vi4= 2.8V unless otherwise specified) 


| Symbol] Parameter | Min, S| Max | Units 


READ CYCLE TIMING 


| taco, ADDRESS valid to DATA valid ene eg OOO ee WO 
READ cycle time | 400 


| tm | Read high time eae ee eee 
| te | RD high to bus tristate a Se eee See ee 
| tas | ADDRESS to READ set up time eee er oe 


ADDRESS HOLD time after READ —— ae 


WRITE CYCLE TIMING 


ADDRESS valid to WRITE strobe a 


ADDRESS hold time for WRITE 


WRITE pulse width, low | 100 


WRITE high time | 


DATA IN to WRITE set up time | == 100s 


DATA IN hold time after WRITE 280. 
WRITE cycle time | = 400s 
MULTIPLEXED MODE TIMING 

ALE Pulse Width, High 


150 
~ 100 
100 
400 
ADDRESS to ALE set up time ee ee See ee ee 


—_ 


tla ADDRESS hold time after ALE 


NOTE: All typical values have been characterized but are not tested. 
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READ CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vj, WR = Vin) 


oka, G2 OAHU 


= >| tar 


teye 


ae 


WRITE CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vj, RD = Vin) 


INPUT DATA VALID Same ee ee eS ee oe ee 


Figure 3: Timing Diagrams — Nonmultiplexed Bus 


NOTE: All typical values have been characterized but are not tested. 
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ICM7170 


READ CYCLE TIMING FOR MULTIPLEXED BUS (WR=Vjy) . 


Ap-Aa, Do-07 CS —-—-— <q ADDRESS VALID, CS LOW > ae me OUTPUT DATA VALID -—-—— = 


Ag-Aq, Do-D7 CS == m= < 


> ee ee ee eee ee eee 


NOTE: The AO to A4 address inputs may be connected to the DO to D4 data lines when a multiplexed bus is used. 
Figure 4: Timing Diagrams — Multiplexed Bus 


Table 1: Pin Description 


15-2 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


Oscillator 


The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac- 
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32.768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz.* The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 
are required, depending on the circuit topology used. 


The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency selec- 
tion bits in the Command Register (DO and D1 at address 
$11). This 4000Hz is then divided down to 100Hz, which is 
used as the clock for the counters. 


Time and calendar information is provided by 8 consecu- 
tive, programmable counters: 100ths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic “0” 
during a read and ignored during a write operation. 


*NOTE: 4.194304MHz is not available over military temperature range. 


ICM7170 


Alarm Compare RAM The periodic interrupts can occur concurrently and in ad- 


’ ? dition to alarm interrupts. The periodic interrupts are con- 
On the chip are 51 bits of Alarm Compare RAM grouped ay ; 
into words of different lengths. These are used to store the trolled by bits in the interrupt mask register, and are enabled 


: : by setting the appropriate bit to a ‘‘1’’ as shown in Table 5. 
time, ranging from 100ths of seconds to years, for compari- d : : : : ; : 
Son to Aha! realtime “COURS. Each<counior-hasa cone: Bits D1 through D6 in the mask register, in conjunction with 


sponding RAM word. In the Alarm Mode an interrupt is gen- bits as through DG of the Stalls register, contro! the gener- 
erated when the current time is equal to the alarm time. The allOn OF InIenupts 2eceraing. 1 Figure:s: 


RAM contents are compared to the counters on a word by The interrupt status register, when read, indicates the cause 
word basis. If a comparison to a particular counter is unnec- of the interrupt and resets itself on the rising edge of the RD 
essary, then the appropriate ‘M’ bit in Compare RAM should signal. When any of the counters having a corresponding bit 
be set to logic “1”. in the status register increments, that bit is set to a “1” 


regardless of whether the corresponding bit in the interrupt 


The ‘M’ bit, referring to Mask bit, causes a particular RAM mask register is set or not. 


word to be masked off or ignored during a compare. Table 4 


shows addresses and Mask bit information. Consequently, when the status register is read it will always 
ae indicate which counters have increments and if an alarm 
Periodic Interrupts compare occurred, since the last time it was read. This re- 
The interrupt output can be programmed for 6 periodic quires some special software considerations. If a slow inter- 
signals: 100 Hz, 10 Hz, once per second, once per minute, rupt is enabled (i.e. hourly or daily), the program must al- 
once per hour, or once per day. The 100 Hz and 10 Hz ways check the slowest interrupt that has been enabled 
interrupts have instantaneous errors of +2.5% and first, because all the other lower order bits in the status 
+0.15% respectively. This is because non-integer divider register will be set to “1” as well. 
circuitry is used to generate these signals from the crystal Bit D7 is the global interrupt bit, and when set to a “1”, 
frequency, which is a power of 2. The time average of these indicates that the 7170 did indeed generate a hardware in- 
errors over a 1 second period, however, is zero. Conse- terrupt. This is useful when other interrupting devices in ad- 
quently, the 100 Hz or 10 Hz interrupts are not suitable as dition to the 7170 are attached to the system microproces- 
an aid in tuning the oscillator; the 1 second interrupt must sor, and all devices must be polled to determine which one 
be used instead. generated the interrupt. 
See General Note (6). See General Note (6). 


Table 2: Command Register Format 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 


por | ob | ls] ee ll 
Normal/Test Interrupt 12/24 Hour Crystal Crystal 


Table 3: Command Register Bit Assignments 


= wee [=] em [mem [| [> [= [ae 
Enable Format Frequency 

|-9 | NormaiMode | 0 | interuptdisabled | 0 | Stop | 0 | 12hourmode | 0 | 0 | 32.768KHz | 
| 1 | TestMode | 1 | interuptenabie | 1 | Run | 1 | 24hourmode | 0 | 1 | 1.048576MHz 
ee se ee ee ee 
ee ee 


NOTE: All typical values have been characterized but are not tested. 
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Table 4: Address Codes and Functions 


Address 


po Ares 
jaa | as | az | at | Ao | HEX 
0 0 0 0 0 00 


Counter-1/100 seconds 
Counter-hours 

12 Hour Mode 
Counter-minutes 
Counter-seconds 
Counter-month 
Counter-date 
Counter-year 
Counter-day of week 
RAM-1/100 seconds 
RAM-hours 

12 hour Mode 
RAM-minutes 
RAM-seconds 
RAM-month 
RAM-date 
RAM-year 
RAM-day of week 
Interrupt Status 
and Mask Register 
Command register 


© 
co) 
co) 
(>) 


oo o0o 000 0 
—-~ = OO000 O&O 
oO4442400 
oo--s 00-4 — 
-~o-O-0+0 


oo oc oO CO 
- os ot OO OO 
=3 = OO0O-- — 
-OoO- O- © 
+ fs a2 2 = 


oOo oO 
=—- OO 


NOTES: Addresses 10010 to 11111 ( 12h to 1Fh) are unused. 
‘+’ Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 
‘—’ Indicates unused bits. 
**” AM/PM indicator bit in 12 hour format. Logic “0” indicates AM, logic “1” indicates PM. 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic “0”. 


Table 5: Interrupt and Status Registers Format 


INTERRUPT MASK REGISTER ADDRESS (10000b, 10h) WRITE-ONLY | 
a 
NotUsed | Day | Hour | Min | Sec | 1/10sec. | 1/100 sec. 


ad 48 Alarm/Compare 
— —)> 


INTERRUPT STATUS REGISTER ADDRESS (10000b, 10h) READ-ONLY 


of] oe | os |e | Pel 
Interrupt 
Periodic Alarm 
and ae Compare 
<— I —_ 
hae Periodic Interrupt Flags Flag 


Flags 


NOTE: All typical values have been characterized but are not tested. 
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Interrupt Operation 


The Interrupt Output N-channel MOSFET (Figure 5) is 
enabled whenever both the Interrupt Enable bit (D4 of the 
Command Register) and a mask bit (DO-D6 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
flag bit is set that corresponds to one of the set mask bits. 
This also sets the Global Interrupt Flag Bit (D7 of the Inter- 
rupt Status Register). It is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 


Since system power is usually applied between Vpp and 


Vss,'the user can connect the Interrupt Source (pin #11) to . 


Vss. This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby. operation, then the interrupt source pin should be 
connected to the.battery’s negative side (Vgackyup). !n this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 


Power-Down Detector 


The ICM7170 contains an on-chip power-down detector 
that eliminates the need for external components to support 


| PERIODIC INT’ MASK BITS 


woe es DPD Pe 
REGISTER |__7 4 7 


wanes [eee Ps] Pm 
REGISTER |” 


| PERIODIC INT’ FLAGS | 
GLOBAL INTERRUPT FLAG BIT 


ICM7170 


the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss pin to the Vgacxyup 
pin is less than approximately 1.0V (the Vi, of the N-chan- 
nel MOSFET), the data bus I/O buffers in the 7170 are au- 
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be- 
ing written to the clock registers as the power supply is go- 
ing down. 


Actual switchover to battery operation occurs when the 
voltage on the Veackup Pin is within +50 mV of Vss. This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery. backup, device operation is limited to time- 
keeping and ‘interrupt generation only, thus achieving micro- 
power current drain. If an external battery-backup switch- 
over circuit is-being used with the 7170, or if standby battery 
operation is not required, the Vgackup pin should be pulled 
up to Vpp through a 2k resistor.. 


ALARM MASK BIT 


RD OF ADD HEX 10 => RESET 


INTERRUPT 
ENABLE 
COMMAND 
REGISTER 
BIT D4 


ALARM FLAG BIT 


Figure 5: Interrupt Output Circuit 


NOTE: All typical values have been characterized but are not tested. 


ICM7170 


iCM7170 


Time Synchronization 


Time synchronization is achieved through bit D3 of the . 


Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic “1” allows the coun- 
ters to function and a logic “0” disables the counters. To 
accurately set the time, a logic “O”’ should be written into D3 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic 1” into D3 of the Command Register. | 


Latched Data 


To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 


By accessing the 100ths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01 sec., 100Hz counts will be ignored. 


Control Lines 


The RD, WR, and CS signals are active low inputs. Data 
is placed on the bus from counters or registers when RD is 
a logic ‘0’. Data is transferred to counters or registers 
when WR is a logic “0”. RD and WR must be accompanied 
by a logical “0” CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. In this mode, 


access to the 7170 is controlled by RD and WR only. 


POSITIVE SUPPLY RAIL 
(+5V) 


va 
DIGITAL GROUND 


ICM7170 


With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 


multiplexed address/data bus by connecting the address 


lines AO-A4 to the data lines DO-D4. To address the chip, - 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vpp. 


Test Mode 


The test mode is entered by setting D5 of the Command 
Register to a logic “1”. This connects the 100Hz counter 
directly to the oscillator’s output. 


Oscillator Considerations 


Load Design: A new oscillator load configuration, shown 
in Figure 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 


Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed to frequency by detuning the load circuit, or 
stability was increased at the expense of absolute frequency 
accuracy. 


> 1/0 DISABLE 


» Vic 
INTERNAL GROUND 


Figure 6: Simplified 7170 Battery Backup Circuit 


NOTE: All typical values have been characterized but are not tested. 
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The new load configuration (Figure 7) allows these two 
conditions to be met independently. The two load capaci- 
tors, C1 and Co, provide a fixed load to the oscillator and 
crystal. C3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal’s motional 
capacitance, Cy. This minute adjustment does not appreci- 
ably change the load of the overall system, therefore stabill- 
ty is no longer affected by tuning. Typical values for these 
capacitors are shown in Table 6. C; and Co must always be 
greater than twice the crystal’s recommended load capaci- 
tance in order for C3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the ideal 
values of C; and Co for a particular crystal. 


This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera- 
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(Vpp), minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capacitor. Note that in 
both configurations the load capacitors are connected bet- 
ween the oscillator pins and Vpp—do not use Vsg as an 
AC ground. 


Table 6: Typical Load Capacitor Values 


Crystal Load Caps Trimmer Cap 
Frequency (C1, Co) (C3) 


5-50 pF 
5-50 pF 
5-50 pF 
5-100 pF 


Layout: Due to the extremely low current (and therefore 
high impedance) design of the ICM7170’s oscillator, special 
attention must be given to the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of Vpp to minimize coupling with any digi- 
tal signals. The final assembly must be free from contami- 
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
traces free of moisture and contamination over time. 


Oscillator Tuning 


Trimming the oscillator should be done indirectly. Direct 
monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 


1) Turn on the system. Write a $00 to the Interrupt Mask 
Register (location $10) to clear all interrupts. 

2) Set the Command Register (location $11) for the appro- 
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to 0. 


NOTE: All typical values have been characterized but are not tested. 
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3) Write a $08 to the Interrupt Mask Register to turn on the 
1 second interrupt. 


4) Write an interrupt handler to read the Interrupt Status 
Register after every interrupt. This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several times each second 
will accomplish this also. 


Connect a precision period counter capable of measur- 
ing 1 second within the accuracy desired to the interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. If the interrupt is active high, trigger 
on the rising edge. Be sure to measure the period be- 
tween when the transistor turns ON, and when the tran- 
sistor turns ON a second later. 


Adjust C3 (Co for the two-capacitor load configuration) 
for an interrupt period of exactly 1.000000 seconds. 


5) 


6) 


ICM7170 


0372-13 
Figure 7: New Oscillator Configuration 


_ Cy = 2 X Load 
Co = 5-35 pF 


1CM7170 


0372-14 
Figure 8: Original Oscillator Configuration 


APPLICATION NOTES 


Digital Input Termination During Backup 

To ensure low current drain during battery backup opera- 
tion, none of the digital inputs to the 7170 should be al- 
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow- 
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Vpp or Vss, and the 
RD and WR inputs should be pulled to Vpp. This is neces- 
sary whether the internal battery switchover circuit is used 
or not. 
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IBM/PC Evaluation Circuit 


Figure 9 shows the schematic of a board that has been 
designed to plug into an IBM PC/XT* or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signais 
are generated by U1, which gates the IBM’s IOR and IOW 
with a device select signal from U3, which is functioning as 
an I/O block address decoder. DS1 selects the interrupt 
priority. 

U5 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses—the ICM7170 can drive most TTL and CMOS 
databusses directly. 


A11 AEN 


A29 A2 
A28 A3 
A277 A4 


S1 
B4 Re2>— 0 
B23 IROs>—0"O us POSITIVE INTERRUPT 
B24 IRO4>—O~ OC 


S4 
B25 Ras 


INTERRUPT 
SELECT 
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Since the IBM PC/XT* requires a positive interrupt tran- 
sition, the 7170's interrupt output transistor has been con- 


figured as a source follower. As a source follower, the inter- 
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig- 
gered on the rising edge of the interrupt signal. 


Batteries Crystals 


| Saronix 32kHz NTF3238 
Statek 32kHz CX-1V 
Seiko 2MHz GT-38 


Panasonic 


Rayovac 


iOR B14 


13 we 
74LS139 iow B13 


k SV B3. B29 
GND BI. 
B31 


D7 A2 
D6 A3 
DS A4 
AS 
A6 
A7 
A8 
AS 


74LS245 


~ 


Di OPTIONAL DIODE & RESISTOR 
SEE NOTE 8 


Figure 9: IBM PC Interface for ICM7170 


*IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 


NOTE: All typical values have been characterized but are not tested. 


GENERAL NOTES: 


(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun- 
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec- 
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1/100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 


(2) REGULATED OSCILLATOR 

The oscillator’s power supply is voltage regulated 
with respect to Vgq. In the 32 kHz mode the regulator's 
amplitude is {Vin+ Vtp (= 1.8). In the 1, 2, and 4 MHz 
mode the regulator's amplitude is {Vtn+Vtn+Vtp 
(=2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator’s signal to drive 
other external clocks because of its reduced amplitude 
and offset voltage. 


(3) INTERNAL BATTERY BACKUP 

When the 7170 is using its own internal battery back- 
up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vgq 
(+5V) is turned off (Standby operation), Vgq should 
equal Vs, = OV. All 7170 I/O should also equal Vgsg. At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 


(4) EXTERNAL BATTERY BACKUP 

The 7170 may be placed on the same power supply 
as battery-backed up RAM by keeping the 7170 in its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case Vgacxup should be pulled up to 
Vpp through a 2k resistor. Although the 7170 is always 
“on” in this configuration, its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170’s and the RAM’s I/O before system power is re- 
moved. This is important because many microproces- 
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim- 
its. NANDing CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that is only valid when system 
power is within specifications. The POWERGOOD sig- 
nal should be generated by an accurate supply monitor 
such as the ICL7665 under/over voltage detector. 

An alternate method of disabling the 7170’s !/O is to 
pull Vgacxup down to under a volt above Vss (Vss < 
Veackup < 1.0V). This will cause the 7170 to internally 
disable all 1/O. Do not allow Vgackxup to equal Vss, 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). Vgackxup = Vss + 0.5V 
will disable the |/O and provide enough overdrive for 
the comparator. 

(5) 7170A PART 

The 7170A part is binned at final test for a 32.768 
kHz maximum current of 5 pA. All other specifications 
remain the same. 


NOTE: All typical values have been characterized but are not tested. 
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(6) INTERRUPTS 

The Interrupt Status Register (address $10) always 
indicates which of the real time counters have been in- 
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register is always reset immediately after it 
is read. If an interrupt from the 7170 has occurred since 
the last time the status register was read, bit D7 of the 
register will be set. If the source was an alarm interrupt, 
bit DO will also be set. If the interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register’s Interrupt Enable bit (D4) and at least one bit 
in the Interrupt Mask Register (D1—D6) must be set toa 
1. The periodic interrupt is triggered when the counter 
corresponding to a mask bit that has been set is incre- 
mented. For example, if you enable the 1 second inter- 
rupt when the current value in the 100ths counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub- 
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the interrupt transistor and, if 
necessary, determine the cause of the interrupt (period- 
ic, alarm, or non-7170 generated) from the contents of 
the status register. 

To enable the alarm interrupts, both the Command 
Register’s Interrupt Enable bit (D4) and the Interrupt 
Mask Register’s Alarm bit (D0) must be set to a 1. Each 
time there is an exact match between the values in the 
alarm register and the values in the real time counters, 
bits DO and D7 of the Interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic interrupt, the service rou- 
tine should then read the Interrupt Status Register to 
reset the interrupt transistor and, since periodic and 
alarm interrupts may be simultaneously enabled, deter- 
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example, if the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec- 
onds-Hundredths), and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. If the alarm register is set to 11- 
XX-95, 10:XX:00:00, and DAY = 2 (2 = Tuesday); the 
alarm will generate one interrupt every minute from 
10:00-10:59 on every Tuesday in November, 1995. 

NOTE: Masking off the 100ths of a second counter has the same effect as 

setting it to 00. 

(7) RESISTOR IN SERIES WITH BATTERY 

A 2k resistor (R2) must be placed in series with the 
battery backup pin of the 7170. The UL laboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating parasitic SCR ac- 
tion. This SCR action may occur if an input is applied to 
the 7170, outside of its supply voltage range, while it is 
in the standby mode. 
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GENERAL NOTES: (Continued) © 
(8) Veackup DIODE | 


Lithium batteries may explode if charged or if dis- 
charged at too high a rate. These conditions could oc- 
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 MQ. or so 


_ should parallel the diode to keep the Vgacxup terminal 


from drifting toward the Vss terminal and shutting off 
7170 1/O during normal operation. 


NOTE: All typical values have been characterized but are not tested. 
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(9) SUPPLY CURRENT 


7170 supply current is predominantly a function of 
oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera- 
tional mode approaches that of the backup mode. 


DATA ACQUISITION | ff 


COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 


ICM7207/A CMOS Timebase Generator .......... 0.0.0. eee eet eee e eens 11-2 
ICM7208 7-Digit LED Display Counter ........... 0000 ccc eee eee eceeeveeeeeeeeees 11-8 
ICM7209 Timebase Genelalor oki ddd awd waren teehee ihe OSS Chae awe 11-15 
ICM7213 One Second/One Minute Timebase Generator ................00000 0c eee 11-18 
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer ...............00 0c e eee 11-23 
ICM7217 4-Digit LED Display Programmable Up/Down Counter .................... 11-42 
ICM7224 4%2-Digit LCD Display Counter .............. cece ccc eee eee tees eee 11-59 
ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer .....................000. 11-67 
ICM7249 5¥%-Digit LCD p-Power Event/Hour Meter .............. 0... e eee e cence 11-82 
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SEMICONDUCTOR 
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GENERAL DESCRIPTION 


The 1CM7207/A consist of a high stability oscillator and 
frequency divider providing 4 control outputs suitable for fre- 
quency counter timebases. Specifically, when used as a fre- 
quency counter timebase in conjunction with the ICM7208, 
ICM7224 or ICM7225 display counters, the four outputs pro- 
vide the gating signals for the count window, store function, 
reset function and multiplex frequency reference. Addition- 
ally, the duration of the count window may be changed by a 
factor of 10 to provide a 2 decade range counting system. 


The normal operating voltage of the ICM7207/A is 5 
volts. The typical power dissipation is less than 2mW when 
using an oscillator frequency of 6.5536MHz with the 7207 
and 5.24288MHz with the 7207A. 


ORDERING INFORMATION 


Order Temperature Bachan 
Number Range g 
ACM7207IPD — 25°C to + 85°C | 14-Pin | 14-Pin PLASTIC DIP | DIP 
ICM7207AIPD | —25°C to + 85°C | 14-Pin PLASTIC DIP 


ICM7207/A 


CMOS Timebase Generator 


FEATURES 
© Stable HF Oscillator 
© Low Power Dissipation< 2mW With 5 Voit Supply 


® Counter Chain Has Outputs at = 212 and = 2" or 
+ (29X10); n= 17 for 7207, and 20 for 7207A 


® Low Impedance Output Drivers< 100 Ohms 


© Count Windows of 10/100ms (7207 With 6.5536MHz 
Crystal) or 0.1/1 Sec. (7207A With 5.24288MHz 
Crystal) 


APPLICATIONS 

© System Timebases 

© Oscilloscope Calibration Generators 
© Marker Generator Strobes 

© Frequency Counter Controllers 


Figure 1: Pin Configuration 
(Outline dwg PD) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 


202200-004 


ICM7207/A 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V|pp—Vss) ...---.. cece eee ec ee eees 6.0V OUuDUECUMENS 32.5 ene oot cece wensteeee 25mA 
Input Voltages ................. Vss—0.3V to Vpp + 0.3V Power Dissipation @ 25°C Note1 ............... 200mW 
Output Voltages: . Operating Temperature Range ......... — 25°C to + 85°C 
200” wesc 44h ceo hake VaRe Gy Rae Vss to +6V Storage Temperature Range .......... —65°C to + 125°C 
TOOTAY Sc0 Rog ao eee eae es Bae ees ees Vpop to Vss Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE 1: Derate by 2mW/°C above 25°C. 
Absolute maximum ratings refer to values which if exceeded may permanently change or destroy the device. . 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause. permanent damage to. the device. These are. stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
fosc = 6.5536MH2(7207), 5.24288MHz(7207A), Vop= 5V, Ta = 25°C, Vsg=OV, test circuit unless otherwise specified. 


Symbol Test Conditions [min | typ | Max | Unit 
Operating Voltage Range | —20°C to +85°C p44] ofss] ov 
Supply Current All outputs open circuit | | 260 | 1000} pA 


Output current = 5mA sink 
ich ccc All outputs [elm } oo 
Output Leakage Currents All outputs (STORE only) ee 
R Output High Resistance Output current= 50yA source, 7207A 
OUT Terminals 12,13,14 only 


2, 
pia Input Pulldown Current Terminal 11 connected to Vpp Ct pA 
|_| input Noise immunity =f 
OscilatorFrequencyRange | Note2 | 
Oscillator Stability Cin=Cout = 22pF Pt 1.0 ppm/V 


, Oscillator Feedback Quartz crystal open circuit 
ose Resistance Note 3 


NOTES: 2. Dynamic dividers are used in the initial stages of the divider chain. These dividers have a lower frequency of operation determined by transistor sizes, 
threshold voltages and leakage currents. . 
3. The feedback resistor has a non-linear value determined by the oscillator instantaneous input and output voltage voltages and the supply voltage. 


| 50 | 200 | uA 
E ao! % supply voltage 
fas 
a 


NOTE: All typical values have been characterized but are not tested. 
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ICM7207/A 


OSCOUT 
RANGE 
CONTROL 


TRANSMISSION GATE 


| IN/OUT 
CONTROL 


OUT/IN 


CONTROL = 1 GATE OPEN 
CONTROL =0 GATE CLOSED 


Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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Yop § 7207 
8 ONLY 


ad 
@ 
f 
a 
f 
8 
g 
a 
a 


] GATING 
J OUTPUT 


Por aaa 


Yop 8 72074 © 
© 8 onty 


cores ot 


Gamocwarc 


"DD # 7207A 
E ONLY 


Pemoasocreg 


MULTIPLX 
OUTPUT 


ICM 7207/A 


ICM7207/A 


CRYSTAL PARAMETERS 


Cw = Cour = 22pF 
(CM7207 
{ = 6.55386MHz 
Rg = 402 
Cy = 15 moF 
Co = 35 pF 


ICMT207A 


{ = §.24288MHz 
Rg < 762 
Co = 49F 
Cas = 12mpF 
Cy = 12pF 


P] 
m 
‘ 


| 


=} le} {3} [=| 
| eee a 


SWITCHES Sj, So, Sz, Sy OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT. 
SWITCH Ss OPEN CIRCUIT FOR SLOW GATING PERIOD. 


+ SWITCHES Sp, S3,-S4 and 50k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207A. 
Figure 3: Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT AS A FUNCTION OUTPUT SATURATION RESISTANCES AS A 
OF OSCILLATOR FREQUENCY FUNCTION OF SUPPLY VOLTAGE 


120 


Court = 10pF 
Cin = 10pF 


6.5 MHz 
Court = 10pF 
A 3.3 MHz CIN = 10pF 
[ cour = 22pF 


SUPPLY CURRENT~ LA 
OHMS 
to2) 
o 


OUTPUT SATURATION RESISTANCE 


0 2 4 6 8 10 12 4) 


OSCILLATOR FREQUENCY MHz 3 4 5 6 
SUPPLY VOLTAGE 


0348-4 


0348-5 


NOTE-All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


OSCILLATOR STABILITY AS A 
FUNCTION OF SUPPLY VOLTAGE 


1 

> 

ed 

= 

& 

< 

- 

” 

o Court « 32PF 
es _SouT * 2<er 

“4 1.0 Cin = 320F 

a 


4 5 
SUPPLY VOLTAGE 
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SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
600 


SUPPLY CURRENT LA 


SUPPLY VOLTAGE 
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OUTPUT TIMING WAVEFORMS 7207 (7207A) 


Crystal Frequency = 6.5536(5.24288)MHz 


MULTIPLEX OUTPUT 


fjo-————————_ 20 or 200 ms —__—__—+| 


ae anaes _| 
—~ aes a ca — 10 or 100 (100 or 1000) ms .. 


GATING OUTPUT 


312us (391ys) 


ley 


312us (391p8) 


fo—el- 312ys (39tys) 


Figure 4: Output Waveform 


DETAILED DESCRIPTION 


Referring to the Test Circuit, Figure 3, and waveforms, 
Figure 4, the crystal oscillator frequency is divided by 212 to 
provide both the multiplex frequency and generate the out- 
put pulse widths. The GATING OUTPUT provides.a 50% 


duty cycle signal whose period depends upon whether the - 


RANGE CONTROL terminal is connected to Vpp or Vss 
(open circuit). 


OUTPUTS CONSIDERATIONS 


In the ICM7207 version all the outputs (MUltiplex, GAT- 
ING OUT, STOre and ReSeT) are open drain and need pull 
up resistors as shown in Figure 3. 

In the ICM7207A version the MUltiplexX, GATING OUT 
and ReSeT outputs provide both active pull up and pull 
down, eliminating the need for 3 external resistors, al- 


NOTE: All typical values have been characterized but are not tested. 
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though, buffering is required if interfacing with TTL logic 
family. See the electrical characteristics for outputs source 
and sink resistances. The STOre output is still open drain in 
7207A version. 


OSCILLATOR CONSIDERATIONS 


The oscillator consists of a CMOS inverter with a non-lin- 
ear resistor connected between the input and output termi- 
nals to provide biasing. Oscillator stabilities of approximate- 
ly 0.1 ppm per 0.1 volt change are achievable at a supply 
voltage of 5 volts, using low cost crystals. The crystal speci- 
fications are shown in the TEST CIRCUIT. 


It is recommended that the crystal load capacitance (C,) 
be no greater than 15pF for a crystal having a series resist- 
ance equal to or less than 752, otherwise the output ampli- 
tude of the oscillator may be too low to drive the divider 
reliably. 


If a very high quality oscillator is desired, it is recommend- 
ed that a quartz crystal be used having a tight tuning toler- 
ance +10ppm, a low series resistance (less than 259), a 
low motional capacitance of 5fF and a load capacitance of 
15pF. The fixed capacitor Cjyy should be 39pF and the oscil- 
lator tuning capacitor should range between approximately 
8 and 60pF. 


Use of a high quality crystal will result in typical oscillator 
stabilities of O.065ppm per 0.1 volt change of supply voltage. 


FREQUENCY LIMITATIONS 


The ICM7207/A uses dynamic frequency counters in the 
initial divider sections. Dynamic frequency counters are fast- 
er and consume less power than static dividers but suffer 
from the disadvantage that there is a minimum operating 
frequency at a given supply voltage. 


SUPPLY 
VOLTAGE 3 


WINDOW OPERATING 


WINDOW 


10KHz 100KHz 1MHz 


FREQUENCY 


10MHz 


Figure 5 


For example, if instead of 6.5MHz, a 1MHz oscillator is 
required, it is recommended that the supply voltage be re- 
duced to between 2 and 2.5 volts. This may be realized by 


NOTE: All typical values have been characterized but are not tested. 
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using a series resistor in series with the 5V positive supply 
line plus a decoupling capacitor. The quartz crystal parame- 
ters, etc., will determine the value of this resistor. NOTE: 
Except for the output open drain n-channel transistors no 
other terminal is permitted to exceed the supply voltage lim- 
its. 


APPLICATION 
A PRACTICAL FREQUENCY COUNTER 

A complete frequency counter using the ICM7207/A to- 
gether with the ICM7208 Frequency Counter is described in 
the ICM7208 data sheet. Other frequency counters using 
the ICM7207/A can be constructed using the ICM7224 and 
ICM7225, for LCD and LED displays. The latter are avail- 
able as EV/Kits also. 


QUARTZ CRYSTAL MANUFACTURERS 


The following list of possible suppliers is intended to be of 
assistance in putting a design into production. It should not 
be interpreted as a comprehensive list of suppliers, nor 
does it constitute an endorsement by Harris. 
a) CTS Knights, Sandwich, Illinois, (815) 786-841 1 
b) Motorola Inc., Franklin Park, Illinois (708) 451-1000 
c) Sentry Manufacturing Co., Chickasaw, Oklahoma 
(405) 224-6780 

d) Tyco Filters Division, Phoenix, Arizona (602) 272- 
7945 

e) M-Tron Inds., Yankton, South Dakota (605) 665- 
9321 

f) Saronix, Palo Alto, California (415) 856-6900 
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GENERAL DESCRIPTION 


The ICM7208 is a fully integrated seven decade counter- 
decoder-driver. 


Specifically the |CM7208 provides the following on chip 
functions: a 7 decade counter, multiplexer, 7 segment de- 
coder, digit & segment driver, plus additional logic for dis- 
play blanking, reset, input inhibit, and display on/off. 


For unit counter applications the only additional compo- 
nents are a 7 digit common cathode display, 3 resistors and 
a Capacitor to generate the multiplex frequency reference, 
and the control switches. 


The ICM7208 is intended to operate over a supply volt- 
age of 2 to 6 volts as a medium speed counter, or over a 
more restricted voltage range for high frequency applica- 
tions. 

As a frequency counter it is recommended that the 
ICM7208 be used in conjunction with the ICM7207 Oscilla- 
tor Controller, which provides a stable HF oscillator, and 
output signals for enable, store and reset. 


200 Hz 


PETE 


MULTIPLEX 
DECODER 


peal 


(poll ll 


al nals it 


\ 


Jee |e 
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ICM7208 
7-Digit LED Display Counter 


FEATURES 

® Low Operating Power Dissipation< 10mW 

® Low Quiescent Power Dissipation <5mW 

® Counts and Displays 7 Decades 

© Wide Operating Supply Voltage Range 2V< Vpp<6V 


® Drives Directly 7 Decade Multiplexed Common 
Cathode LED Display 


® internal Store Capability 
® Internal Inhibit for Counter Input 
© Test Speedup Point 


ORDERING INFORMATION 


Range 


ICM7208 IPI — 25°C to + 85°C | 28 Lead Plastic DIP 


TEST POINT 1 


TEST INPUT 2 


TEST INPUT 3 


Ee ippae 


a _ 


eh 
ion? 2 See 
3) Ls 


a 


Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Note 2) (Vpp—Vss) .....--.--eeeeeee 6V 
Input Voltage Range (any input terminal) 

(NOIG 2) 222 Kemescia date oes Vss—0.3V to Vpp + 0.3V 
Output Digit Drive Current (Note 3) ............... 150mA 
Output Segment Drive Current .................26. 30mA 
Power Dissipation (Note 1) .......... cc cece eee eee 1wW 
Operating Temperature Range ......... — 25°C to + 85°C 
Storage Temperature Range .......... —65°C to + 150°C 1CM7208 
Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions aay 

an ; : . nee F STORE(411 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- COUNTER INPUT L412 
ods may affect device reliability. COUNT ENABLE [79 13 


Figure 2: Pin Configuration 
(Outline Drawing Pl) 


ELECTRICAL CHARACTERISTICS  (Vpp=5V, Vss= OV, Ta= 25°C, display off, unless otherwise specified) 


oe Guiescant Gansat All controls plus terminal 19 connected to 30 300 
Vpp No multiplex oscillator 
: All control inputs plus terminal 19 connected 
QuigscentGuirent to Vpp except STORE which is connected ue eau 
to Vss | wA 
All inputs connected to Vpp, RC multiplexer 
Operating Supply Current osc operating f, <25kKHz 210 
Ipp2 Operating Supply Current fin = 2MHz P| | 700 | 
Supply Voltage Range fin S2MHz 35 | | 55 | v | 
Digit Driver On Resistance | 4 | 12] a] 


it Over On Fes ee 

Cows | oitovverLeakage Guret’ [SSS 

roca | SepmentDiverOnResitncs | _——S—S Si 
: 


Segment Driver Leakage Current 
Pullup Resistance of RESET 
or STORE Inputs 
| Rin _ | COUNTER INPUT Resistance _| Terminal 12 either at Vpp or Vsg 


V COUNTER INPUT Hysteresis 
HIN Voltage 


NOTES: 1. This value of power dissipation refers to that of the package and will not be obtained under normal operating conditions. 
2. The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with a single power supply system. If a 
multiple power supply system is used, it is mandatory that the supply for the ICM7208 is switched on before the other supplies otherwise the device 
may be permanently damaged. 
3. The output digit drive current must be limited to 150mA or less under steady state conditions. (Short term transients up to 250mA will not damage the 
device.) Therefore, depending upon the LED display and the supply voltage to be used it may be necessary to include additional segment series 
resistors to limit the digit currents. 


100 | 400 


NOTE: All typical values have been characterized but are not tested. 
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ICM7208 
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= "ss eae Gi eee i 2 
a 6 ICM7208 23 TTT O Vop 
FONCTON eae ef me mace 
ne Ht 
100k 9 
ae OE (ee Dae DISPLAY MULTIPLEX 
STORE | fT | oa, | RC OSCILLATOR 
rs a i poe) 
RESET a ee 
He iF He , 
Ps 0349-3 
Figure 3: Test Circuit 
TYPICAL PERFORMANCE CHARACTERISTICS 
MAXIMUM COUNTER INPUT FREQUENCY AS A SEGMENT OUTPUT CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE 


Ta = 26°C 

LED FORWARD VOLTAGE 
DROP @ 15 mA- 1.8V 

5 SEGMENTS LIT 


MAXIMUM INPUT FREQUENCY fin (MHz) 
SEGMENT OUTPUT CURRENT (mA) 


0 1.0 2.0 3.0 4.0 5.0 6.0 0 1.0 2.0 3.0 4.0 5.0 6.0 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT AS A FUNCTION OF 
COUNTER INPUT FREQUENCY 


SUPPLY CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE 


Ta = 25°C 
fin = 25kHz 


RC oscillator 1.5kHz 


SUPPLY CURRENT LA (ipp)) 


2.0 3.0 4.0 
SUPPLY VOLTAGE (V) 


5.0 


DETAILED DESCRIPTION 


Test Inputs 


The ICM7208 is provided with three input terminals 7, 23, 
27 which may be used to accelerate testing. The least two 
significant decade counters may be tested by applying an 
_ input to the ‘COUNTER INPUT’ terminal 12. ‘TEST POINT’ 
terminal 23 provides an input which bypasses the 2 least 
significant decade counters and permits an injection of a 
signal into the third decade counter. Terminals 7 and 27 
permit rapid counter advancing at two points along the 
string of decade counters. These test inputs must be tied to 
Vpp for normal operation of the device. . 


. CONTROL INPUT DEFINITIONS 


| input | Terminal | voltage | __Function 


DISPLAY Vpp Display On 
ENABLE Vss Display Off 


STORE Vpp Counter Information 
Latched 
Vss Counter Information 
COUNT Vpp 
ENABLE . ' Blocked 
Vss Normal Operation | 
RESET 14 Vpp Normal Operation 
Vss Counters Reset 


Transferring 
COUNTER INPUT 


The internal counters of the |CM7208 index on the nega- 
tive edge of the input signal at terminal #12. 


Input to Counter 


NOTE: All typical values have been characterized but are not tested. 
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1.6kHz RC MUX OSC\T 
oe oom os cee omnes oom om os Ons GO LT | 
seoneateee 
100 $1. A 

muxinpur ti | [Let TTT 


0.001 0.01 0.1 1.0 10 
COUNTER INPUT FREQUENCY fin (MHz) 


SUPPLY CURRENT ( A ) 


0349-7 


The noise immunity of the COUNTER INPUT Terminal is 
approximately 1 the supply voltage. Consequently, the in- 
put signal should be at least 50% of the supply in peak to 
peak amplitude and preferably equal to the supply. 


The optimum input signal is a 50% duty cycle square 
wave equal in amplitude to the supply. However, as long as 
the rate of change of voltage is not less than approximately 
10-4 V/s, at 50% of the power supply voltage, the input 
waveshape can be sinusoidal, triangular, etc. 


When driving the input of the ICM7208 from TTL, a 1k— 
5k2, pull-up resistor to the positive supply must be used to 
increase peak to peak input signal amplitude. 


Display Considerations 

Any common cathode multiplexable LED display may be 
used. However, if the peak digit current could exceed 
150mA for any prolonged time, it is recommended that re- 
sistors be included in series with the segment outputs to 
limit digit current to 150mA. 


The ICM7208 is specified with 500uA of possible digit 
leakage current. With certain new LED displays that are ex- 
tremely efficient at low currents, it may be necessary to in- 
clude resistors between the cathode outputs and the posi- 
tive supply to bleed off this leakage current. 


Display Multiplex Rate 

The ICM7208 has approximately 0.5us overlap between 
display drive signals. Therefore, if the multiplex rate is very 
fast, digit ghosting will occur. The ghosting determines the 
upper limit for the multiplex frequency. At very low multiplex 
rates flicker becomes visible. 
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EMTHER INPUT CIRCUIT © 
CAN BE USED. BUT NOT 
BOTH TOGETHER. 
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Figure 4: Schematic Unit Counter 


It is : ceeaninentied that the display multiplex rate be with- 
in the range of 50Hz to 200Hz, which corresponds to 400Hz 
to 1600Hz for the multiplex frequency input. For stand alone 
systems, two inverters are provided so that a simple but 
stable RC oscillator may be built using only 2 resistors anda 
capacitor. 

The multiplex oscillator is aan times the multiplex rate. 
The frequency is given using the following formulii: 


1 
 2.2R,C, 


R, should always be <1M and Rg=kR, where k is in the 
range 2-10 (See Figure 3). 


An external generator may be used to provide the multi- 
plex frequency input. This signal, applied to terminal 19 (ter- 
minals 16 and 20 open circuit), should be approximately 
equal to the supply voltage, and should be a square wave 
for minimum of power dissipation. 


Unit Counter 


Figure 4 shows the schematic of an exisaiicls simple unit 
counter that can be used for remote traffic counting, to 
name one application. The power cell stack should consist 
of 3 or 4 nickel cadmium rechargeable cells (nominal 3.6 or 
4.8 volts). lf 4X 1.5 volt cells are used it is recommended 
that a diode be placed in series with the stack to guarantee 
that the supply voltage does not exceed 6 volts. 


The input switch is shown to be a single pole double 
throw switch (SPDT). A single pole single throw switch 


(SPST) could also be used (with a pullup resistor), however, : 


anti-bounce circuitry must be included in series with the 
counter input. In order to avoid contact bounce problems 


NOTE: All typical values have been characterized but are not tested. 
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due to the SPDT switch the ICM7208 contains an input 
latch on chip. 


The unit counter updates the display for each negative 
transition of the input signal. The information on the display 
will count, after reset, from 00 to 9,999,999 and then reset 
to 0000000 and begin to count up again. To blank leading 
zeros, actuate reset at the beginning of a count. Leading 
zero blanking affects two digits at a time. 


For battery operated systems the display may be 
switched off to conserve power. 


Frequency Counter 


The ICM7208 may be used as a frequency counter when 
used with an external frequency reference and gating logic. 
This can be achieved using the ICM7207 Oscillator Control- 
ler (Figure 5). The |CM7207 uses a crystal controlled oscil- 
lator to provide the store and reset pulses together with the 
counting window. Figure 6 shows the recommended input 
gating waveforms to the ICM7208. At the end of a counting 
period. (50% duty cycle) the counter input is inhibited. The 
counter information is then transferred and stored in jatch- 
es, and can be displayed. Immediately after this information 
is stored, the counters are cleared and are ready to start a 
new count when the counter input is enabled. 

Using a 6.5536MHz quartz crystal and the ICM7207 driv- 
ing the ICM7208, two ranges of counting may be obtained, 
using either 0.01 sec or 0.1 sec counter enable windows. 

Previous comments on leading zero blanking, etc., apply 
as per the unit counter. 

The ICM7207 provides the multiplex frequency reference 
of 1.6kHz. 


ICM7208 


AA 


1 -— COMMON CATHODE 


ICM7208 


Voo 
Voo 


CRYSTAL PARAMETERS 
CL=12pF 


[PUT Cu = 15pF 
PROCESSING | Rg =55N 


| Co=3pF 


Figure 5: Frequency Counter 


Note: For a 1 sec count window which allows all 7 digits to be used with a resolution of 1Hz, the ICM7207 can be replaced with the ICM7207A. Circuit details are 
given on the 7207A data sheet. 


COUNT ENABLE INPUT 


f*— COUNTER INPUT —* 
. ENABLED (COUNTING WINDOW) 


SEGMENT DATA 
STORE INPUT Fi LATCHED 


ReceT | | PULSE WIDTH NOT | | 
RESET INPUT CRITICAL > 50,Sec. COUNTER RESET 


COUNTER INPUT 


Figure 6: Frequency Counter Input Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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ICM7208 


Period Counter 


For this application, as opposed to the frequency counter, 
the gating and the input signal to be measured are reversed 
compared to the frequency counter. The input period is di- 
vided by two to produce a single polarity signal (50% duty 
cycle) equal to the input period, which is used to gate the 
frequency reference (1MHz in this case). Figure 8 


ICM7208 


shows a block schematic of the input waveform generator. 
The 1MHz frequency reference is generated by the 
ICM7209 Clock Generator using an 8MHz oscillator fre- 
quency and internally dividing this frequency by 8. Alterna- 
tively, a 1MHz signal could be applied directly to COUNTER 
INPUT. Waveforms are shown in Figure 7. 


COUNT ENABLE INPUT EXTERNAL diomsaist | 
29 
STORE | | | STORE GENERATED BY THE POSITIVE 
one EDGE OF THE ENABLE INPUT 
RESET INPUT -| - RESET 


8 MHz 
OSCILLATOR 


INPUT IS = 1MHz 


COUNT ENABLE INPUT 


RESET INPUT 
STORE INPUT 


COUNTER INPUT 


Figure 8: Period Counter Input Generator 


NOTE: All typical values have been characterized but are not tested. 
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ICM7209 3s 
HARRIS S 
SEMICONDUCTOR . 

Timebase Generator & 

© 

GENERAL DESCRIPTION FEATURES = 

The Harris ICM7209 is a versatile CMOS clock generator ® High Frequency Operation — 10MHz Guaranteed 

capable of driving a number of 5 volt systems with a variety ® Requires Only A Quartz Crystal and Two Capacitors 


of input requirements. When used to drive up to 5 TTL 
gates, the typical rise and fall times are 10ns. 

The ICM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered out- 


® Bipolar, CMOS Compatibility 


© High Output Drive Capability — 5 <x TTL Fanout With 
10ns Rise and Fall Times 


put having an output frequency one-eighth that of the oscil- © Low Power — 50mW at 10MHz 

lator. The guaranteed maximum oscillator frequency is © Choice of Two Output Frequencies — Osc., and Osc. 
10MHz. Connecting the DISABLE terminal to the negative + 8 Frequencies 

supply forces the +8 output into the ‘0’ state and the OUT1 ® Disable Control for Both Outputs 


into the ‘1’ state. 


ORDERING INFORMATION 


Part Temperature Dackaae 
Number Range 9 


ICM7209IPA —20°C to + 85°C 8 pin PLASTIC 


® Wide Industrial Temperature Range — 20°C to + 85°C 


osc out [1] 
osc in(2] 
DISABLE [ 3 | 
Vop [4 


TOP VIEW 
0350-2 
Figure 2: Pin 
Configuration 
DISABLE © (Outline dwg PA) 


Pin 1 is designated by either a 
Figure 1: Functional Diagram dot or a notch 
*Zener Voltage is Typically 6.3 Volts 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 11-15 
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ABSOLUTE MAXIMUM RATINGS 


SUDDIV VONAGE s5.0.xisGareene ic tetndneeee dant goed ae 6V Power Dissipation (25°C) .............00e eee eeee 300mW 
Output Voltages ............... Vss—0.3V to Vpp + 0.3V Storage Temperature ................ — 55°C to + 125°C 
Input Voltages ................. Vss—0.3V to Vpp + 0.3V Operating Temperature Range ......... — 20°C to + 85°C 

Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE: Stresses above those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


(Vpp — Vss = BV, test circuit, fgg¢ = 10MHz, Ta = 25°C unless otherwise specified.) 


Symbol TestConditions | _Min_| Typ | Max | _Unit_| 
Supply Current | . Note 1 11 mA 

No Load 
re ee ee ee ee 


Disable Input Capacitance 
| | #10 


Disable Input Leakage Either ’1’ or ’0’ state 
VOL Output Low State Either OUT 1 or OUT +8 
. simulated 5 x TTL loads 
VOH Output High State Either OUT 1 or OUT +8 
simulated 5x TTL loads 
Output Rise Time (Note 3) Either OUT 1 or OUT +8 
| simulated 5 X TTL loads 
te Output Fall Time (Note 3) Either OUT 1 or OUT +8 
simulated 5X TTL loads 
fosc Minimum OSC Frequency 
oo for +8 Output : 
Output + 8 duty cycle Any operating frequency 
Low state : High state 


Oscillator Transconductance | 


NOTES: 1. The power dissipation is a function of the oscillator frequency (1st ORDER EFFECT see curve) but is also effected to a small extent by the oscillator 
tank components. 

2. The +8 circuitry uses a dynamic scheme. As with any dynamic system, information or data is stored on very small nodal capacitances instead of 
latches (static systems) and there is a lower cutoff frequency of operation. Dynamic dividers are used in the |CM7209 to significantly improve high 
frequency performance and to decrease power consumption. 

3 Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 


CRYSTAL PARAMETERS: 


Cry = SmpF 
Rg = 15 ohms 
Co= 3pF 
Cy. = 10pF : OSC OUT Vpp 
f = 10 MHz 


40092 


SIMULATED 
ICM 7209 5x TTL LOADS 


Figure 3: Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR FREQUENCY 


15 
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FREQUENCY 
0350-4 


TYPICAL OUT 1 RISE AND FALL 
TIMES 


TIME (ns) 


ICM7209 


(Vop— Vss= 5V) 

SUPPLY VOLTAGE RANGE FOR 
CORRECT OPERATION OF ~8 
COUNTER AS A FUNCTION OF 

OSCILLATOR FREQUENCY. 


5 

ir eae ae 
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N 


SUPPLY VOLTAGE 


SUPPLY VOLTAGE 
LOCI FOR CORRECT 
OPERATION 


=a 


0 
10KHz 100kHz 1MHz 10MHZ 100MHz 
OSCILLATOR FREQUENCY 


0350-5 0350-6 


Rise and fail times of OUT +8 are 
similar to those of OUT 1. 


DETAILED DESCRIPTION 
OSCILLATOR CONSIDERATIONS 


The oscillator consists of a CMOS inverter with a non-lin- 
ear resistor connected between the oscillator input and out- 
put to provide D.C. biasing. Using commercially obtainable 
quartz crystals the oscillator will operate from low frequen- 
cies (10kHz) to 10MHz. 


The oscillator circuit consumes about 500A of current 
using a 10MHz crystal with a 5 volt supply, and is designed 
to operate with a high impedance tank circuit. It is therefore 
necessary that the quartz crystal be specified with a load 
capacitance (C,) of 10pF instead of the standard 30pF. To 
maximize the stability of the oscillator as a function of sup- 
ply voltage and temperature, the motional capacitance of 
the crystal should be low (5mpF or less). Using a fixed input 
capacitor of 18pF and a variable capacitor of nominal value 

of 18pF on the output will result in oscillator stabilities of 
typically 1ppm per volt change in supply voltage. 


THE = 8 OUTPUT 


A dynamic divider is used to divide the oscillator frequen- 
cy by 8. Dynamic dividers use small nodal capacitances to 


NOTE: All typical values have been characterized but are not tested. 
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store voltage levels instead of latches (which are used in 
static dividers). The dynamic divider has advantages in high 
speed operation and low power but suffers from limited low 
frequency operation. This results in a window of operation 
for any oscillator frequency (see TYPICAL PERFORMANCE 
CHARACTERISTICS). 


OUTPUT DRIVERS 


The output drivers consist of CMOS inverters having ac- 
tive pullups and pulldowns. Thus the outputs can be used to 
directly drive TTL gates, other CMOS gates operating with a 
5 volt supply, or TTL compatible MOS gates. The guaran- 
teed fanout is 5 TTL loads although typical fanout capability 
is at least 10 TTL loads with slightly increased output rise 
and fall times. 


DEVICE POWER CONSUMPTION 


At low frequencies the principal component of the power 
consumption is the oscillator. At high oscillator frequencies 
the major portion of the power is consumed by the output 
drivers, thus by disabling the outputs (activating the DIS- 
ABLE INPUT) the device power consumption can be dra- 
matically reduced. 


ICM7209 


ICM7213 


Ris 


SEMICONDUCTOR 


GD 


GENERAL DESCRIPTION 


The ICM7213 is a fully integrated micropower oscillator 
and frequency divider with four buffered outputs suitable for 
interfacing with most logic families. The power supply may 
be either a two battery stack (Ni-cad, alkaline, etc.) or a 
regular power supply greater than 2 volts. Depending upon 
the state of the WIDTH, INHIBIT, and TEST inputs, using a 
4.194304MHz crystal will produce a variety of output fre- 
quencies including 2048Hz, 1024Hz, 34.133Hz, 16Hz, 1Hz, 
and 1/60Hz (plus composites). 

The ICM7213 utilizes a very high speed low power metal 
gate CMOS technology which uses 6.4 volt zeners between 
the drains and sources of each transistor and also across 
the supply terminals. Consequently, the ICM7213 is limited 
to a 6 volt maximum supply voltage, although a simple drop- 
ping network can be used to extend the supply voltage 
range well above 6 volts (See Figure 7). 


ORDERING INFORMATION 


Part Temperature 
Number Range 


Package 
ICM7213IPD | —25°C to +85°C | 14 pin PLASTIC DIP 


(4,194,304Hz) 


(8,192Hz) 


OSCILLATOR 


Sie oe a 
es Cah Scan 


DB} ox) ~ (< 
ost) LS 


(1024Hz) (64Hz) 


ICM 7213 


One Second/One Minute 
Timebase Generator 


FEATURES 


© Guaranteed 2 Volts Operation 


® Very Low Current Consumption: Typ. 100uA @ 3V 
® All Outputs TTL Compatible 
® On Chip Oscillator Feedback Resistor 


® Oscillator Requires Only 3 External Components: 
Fixed Capacitor, Trim Capacitor, and A Quartz 
Crystal 


® Output Inhibit Function 


® 4 Simultaneous Outputs: One Pulse/Sec, One Pulse/ 
Min, 16Hz and Composite 1024+ 16+ 2Hz Outputs 


© Test Speed-Up Provides Other Frequency Outputs 


(16Hz) (4Hz) 


0351-2 


Figure 2: Pin 
Configuration 
(Outline drawing PD) 


fj 
Hed 
¢ 
= 
ood 


INHIBIT = 
WIDTH | 1| ORRESETLS}| TEST [11} OuT2 


vss LAS 


; 0351-1 
Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’'S. SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 202800—003 
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NOTE: All typical values have been characterized but are not tested. 


ICM7213 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vpp—Vss) .......-.cceeceecceeeee 6.0V Operating Temperature Range ......... — 25°C to + 85°C 
Output Current (Any output) ..................0085 20mA Storage Temperature Range .......... —65°C to + 150°C 
All Input and Oscillator Voltages Power Dissipation (Note 2) ............ 0.00. 200mW 
(NOI6 1) ob cient da teeleencues Vss—0.3V to Vpp + 0.3V Lead Temperature (Soldering, 10sec) ............. 300°C 
All Output Voltages (Note 1) ................ Vss to 6.0V 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1: The 1CM7213 like most CMOS devices, may enter a destructive latchup mode if an input or output voltage is applied in excess.of those defined and there 
is no supply current limiting: 
2: Derate linearly power rating of 200mW at 25°C to 50mW at 70°C. 


ELECTRICAL CHARACTERISTICS 
(Vop—Vss =3.0V, fose= 4.194304MHz, Test Circuit, Ta = 25°C unless otherwise specified) - 


| Symbol | Parameter | TestConditions | Min | Typ | Max | unit | 
| too | SupplyCurrent =o ae oo ee 


VSUPPLY Guaranteed Operating Supply — 20°C <T, <85°C 
Voltage Range (Vpp — Vss) 


ae 
| 120 | 2 
bets 
0 | 4 
ea 
a 


—_h, 


Output Sat. Resistance Any output, lolK=2.5mA 
Inhibit Input Current Inhibit terminal connected to Vpp 


Test Point Input Current Test point terminal connected 
to aoe 


% 


Cees | Coomtrfeaswey hepsi | 


Oscillator Start Time 


MH 


pay 
— | © 
jo) 


Vpop = 2.0 volts 


NOTE: 3. The ICM7213 uses dynamic dividers for high frequency division. As with any dynamic system, information is stored on very small nodal capacitances 
instead of latches (static system), therefore there is a lower frequency of operation. Dynamic dividers are used to improve the high frequency perform- 
ance while at the same time significantly decreasing power consumption. At low supply voltages, operation at less than 1MHz is possible. 


CRYSTAL PARAMETER 


WIDTH a f =4.194,304MHz (PARALLEL 
Rs 2352 RESONANT) 
Cry = 17 mpF 

INHIBIT NO: Co = 2.5 pF 


Figure 3: Test Circuit 


NOTE: All typical values have been characterized but are not tested. 
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- ICM7213 
N 
ms 
ry TYPICAL PERFORMANCE CHARACTERISTICS 
"SUPPLY CURRENT AS A FUNCTION — SUPPLY CURRENT AS A FUNCTION OUTPUT CURRENT AS A FUNCTION 
| OF TEMPERATURE OF SUPPLY VOLTAGE OF OUTPUT SATURATION VOLTAGE 
30 
€ 25 
& 20 
Ww 
= 15 
= 4 
P10 / Los 
= Lin 
Fr 5 
2 
re) 
oa a0! a ae aw, see tee 20 #30 40 5.0 0 0.1 0.2 03 04 05 06 
TEMPERATURE — °C SUPPLY VOLTAGE Vp —Vss OUTPUT SATURATION 
VOLTAGE (ANY OUTPUT) 
0351-4 ee re 
OSCILLATOR STABILITY AS A OSCILLATOR STABILITY AS A 


FUNCTION OF DEVICE TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 


“2 Vpp-Vss73V 
+1.0 + CIN: CouT AND 
: QUARTZ CRYSTAL 
5| MAINTAINED AT 25°C 
fosc=4. 1SMHz 


+0. 


2.0 3.0 4.0 5.0 
SUPPLY VOLTAGE Vpp — Vss 


-40 -20 0 +20 +40 +60 +80 
TEMPERATURE — °C 


OSCILLATOR FREQUENCY DEVIATION 
At/¢ IN ppm 

OSCILLATOR FREQUENCY DEVIATION 
At/t IN ppm 


0351-7 | 0351-8 


OUTPUT DEFINITIONS 


L L L 16Hz 1024+ 16+ 2Hz 1Hz, 7.8ms 1/60Hz, 1 Sec. 
+218 (+ 212+ 218= 221) composite +222 + (224 x3 x5) 
L L H 1024+ 16+ 2Hz 1Hz, 7.8ms 1/60Hz, 125ms 
tS (+ 212+ 218= 221) composite + 222 
L H L 16Hz 1024 + 16Hz OFF OFF 
+218 (+ 212+ 218) composite 
1024 + 16Hz OFF SEE 
(+212 218) composite WAVEFORMS 


4096 + 1024Hz 2048Hz 34.133Hz, 50% D.C. 
(+ 210+ 212) composite +211 + (213 x 5x 3) 

4096 + 1024Hz - 2048Hz 34.133Hz, 50% D.C. 
(+ 210+ 212) composite + (213 x 5 x 3) 
1024Hz 

+912 


1024Hz 
+912 


NOTE: When TEST and RESET are connected to ground, or left open, all outputs except for OUT 3 and OUT 4 have a 50% duty cycle. 


NOTE: All typical values have been characterized but are not tested. 
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1024 Hz 


| |-16 Hz : 
OUT 2 


aS AY ee 


Figure 4: Output Waveform 


OUT 3 


CASE 1 | OUT 4 


(PULSE 3 
-COINCIDENT 
WITH INHIBIT) 


OUT 4 


OUT 3 


CASE 3 


(EFFECT OF 
WIOTH 
ON OUT 4) 


OUT 4 


— ee = ee ee 
a 


CASE 4 


(EFFECT OF 
WIDTH 
ON OUT 4) 


0.75 — 1.0 SEC 


l~— 59.75 to 
60 SECS. 


WIOTH f | 


Figure 5: Effect of the Inhibit Input (Test Connected to Vsg or Left Open) 


NOTE: Refers to Figure 5 


All time scales are arbitrary, and in the case of OUT 3 
only the pulses coinciding with the negative edge of OUT 4 
are shown. Where time intervals are relevant they are clear- 
ly shown. 


DETAILED DESCRIPTION 
Supply Voltage Considerations 


The ICM7213 may be used to provide various precision 
outputs with frequencies from 2048Hz to 1/60Hz using a 
4,194,304Hz quartz oscillator, and other output frequencies 
may be obtained using other quartz crystal frequencies. 
Since the ICM7213 uses: dynamic high frequency dividers 
for the initial frequency division'there are limitations on the 
supply voltage range depending on the oscillator frequency. 
lf, for example, a low frequency quartz crystal is selected, 
the supply voltage should be selected in the center of the 
operating window, or approximately 1.7 volts. 


NOTE: All typical values have been characterized but are not tested. 


11-21 


OPERATING 
SUPPLY atl 
VOLTAGE 


100kHz 10MHz 


0351-11 
Figure 6: Window of Correct Operation 


The supply voltage to the ICM7213 may be derived from 
a high voltage supply by using a simple resistor divider (if 
power Is of no concern), by using a series resistor for mini- 
mum current consumption, or by means of a regulator. 


ICM7213 


ICM7213 


EXAMPLE: 

f = 4.2 MHz 

8V < V < 12V (10 nom.) 
ly ~ 100 pA 

lo =~ 1mA 

Ro ~ 3 kn. 

Ri ~ 6.8 kn 


EXAMPLE: 
fosc = 4.2 MHz 
8V < V < 12V (10V nom.) 
ly ~ 100 pA 
Rg = (10-3) 
10-4 kQ 
= 68 kn 


0351-13 
Figure 7: Biasing Schemes 
with:High Voltage Supplies 


Outputs 


Pull up resistors will generally be required to interface 
with other logic families. These resistors must be connected 
between the various outputs and the positive power supply. 


NOTE: All typical values have been characterized but are not tested. 
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Oscillator Considerations 


The oscillator consists of a CMOS inverter and a feed- 
back resistor whose value is dependent on the voltage at 
the oscillator input and output terminals and the supply volt- 
age. Oscillator stabilities of approximately 0.1ppm per 0.1 
volt variation are achievable with a nominal supply voltage 
of 5 volts and a single voltage dropping resistor. The crystal 
specifications are shown in the TEST CIRCUIT. 


It is recommended that the crystal load capacitance (CL) 
be no greater than 22pF for a crystal having a series resist- 
ance equal to or less than 75 ohms, otherwise the output 
amplitude of the oscillator may be too low to drive the divid- 
er reliably. 


If a very high quality oscillator is desired; it is recommend- 
ed that a quartz crystal be used having a tight tuning toler- 
ance + 10ppm, a low series resistance (less than 25 ohms), 
a low motional capacitance of 5mpF and a load capacitance 
of 20pF. The fixed capacitor Cj should be 30pF and the 
oscillator tuning capacitor should range between approxi- 
mately 16 and 60pF. 


Use of a high quality crystal will result in typical stabilities 
of 0.05ppm per 0.1 volt change of supply voltage. 


Control Inputs 


The TEST input inhibits the 218 output and applies the 29 
output to the 221 divider, thereby permitting a speedup of 
the testing of the +60 section by a factor of 2048 times. 


- This also results in alternative output frequencies (see ta- 
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ble). 


The WIDTH input may be used to change the pulse width 
of OUT 4 from 125ms to 1 sec, or to change the state of 


‘OUT 4 from ON to OFF during INHIBIT. 


See Figures 4 and 5 for output waveforms and effect of 
control inputs. 


i HARRIS ICM7216A/B/D §$ 

SEMICONDUCTOR a a = a nal 

8-Digit Multi-Function ¢ 

Frequency Counter/Timer = 

~ 

GENERAL DESCRIPTION FEATURES Zz 

The ICM7216A and B are fully integrated Timer Counters ALL VERSIONS: o 
with LED display drivers. They combine a high frequency € Functions as a Frequency Counter (DC to 10 MHz) 


oscillator, a decade timebase counter, an 8-decade data 
counter and latches, a 7-segment decoder, digit multiplex- 
ers and 8 segment and 8 digit drivers which directly drive 


® Four Internal Gate Times: 0.01 Sec, 0.1 Sec, 
1 Sec, 10 Sec in Frequency Counter Mode 


large multiplexed LED displays. The counter inputs have a * Directly Drives Digits and Segments of Large 
maximum frequency of 10 MHz in frequency and unit coun- Multiplexed LED Displays (Common Anode and 
ter modes and 2 Mz in the other modes. Both inputs are Common Cathode Versions) 
digital inputs. In many applications, amplification and level © Single Nominal 5V Supply Required 
shifting will be required to obtain proper digital signals for @ Highly Stable Oscillator, Uses 1 MHz or 10 MHz 
these inputs. | Crystal 

The ICM7216A and B can function as a frequency coun- ® Internally Generated Decimal Points, Interdigit 
ter, period counter, frequency ratio (fa/fg) counter, time in- Blanking, Leading Zero Blanking and Overflow 
terval counter or as a totalizing counter. The counter uses Indication 


either a 10 MHz or 1 MHz quartz crystal timebase. For peri- 
od and time interval, the 10 MHz timebase gives a 0.1ys 
resolution. In period average and time interval average, the 


© Display Off Mode Turns Off Display and Puts Chip 
Into Low Power Mode 


resolution can be in the nanosecond range. In the frequen- ® Hold and Reset Inputs for Additional Flexibility 
cy mode, the user can select accumulation times of 
0.01 sec, 0.1 sec, 1 sec and 10 sec. With a 10 sec accumu- ICM7216A AND ICM7216B 
lation time, the frequency can be displayed to a resolution ® Functions Also as a Period Counter, Unit Counter, 
of 0.1Hz in the least significant digit. There is 0.2 seconds Frequency Ratio Counter or Time Interval Counter 
between measurements in all ranges. © 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in 
The ICM7216D functions as a frequency counter only, as Period, Frequency Ratio and Time Interval Modes 
described above. ® Measures Period From 0.5ys to 10s 
All versions of the ICM7216 incorporate leading zero 
blanking. Frequency is displayed in kHz. In the ICM7216A ICM7216D 
and B, time is displayed in pS. The display is multiplexed at © Decimal Point and Leading Zero Blanking May Be 
500HzZ with a 12.2% duty cycle for each digit. The Externally Selected 


ICM7216A is designed for common anode displays with typ- 
ical peak segment currents of 25 mA. The ICM7216B and D 
are designed for common cathode displays with typical 
peak segment currents of 12 mA. In the display off mode, 
both digit and segment drivers are turned off, enabling the 
display to be used for other functions. 


ORDERING INFORMATION 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 202815-003 


NOTE: All typical values have been characterized but are not tested. 11-23 
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DIGIT 
oiait_ Lo outputs 
ORIVERS (8) 


EXT 
OP. 
INPUT 


f (NOTE 2) 


DATA LATCHES ANO 
OUTPUT MUX 


INPUT AC 


INPUT 6 
(NOTE 1) 


SEGMENT 
OUTPUTS 
(8) 


INPUT | 
CONTROL 
LOGIC 


MEASUREMENT IN 
| >O—0 PROGRESS OUTPUT 
‘ (NOTE 2) 


FUNCTION © 
INPUT (NOTE 1) 


NOTES: 1) FUNCTION INPUT AND INPUT B AVAILABLE ON ICM 7216A/B ONLY. 
2) EXT D.P. INPUT AND MEASUREMENT IN PROGRESS OUTPUT AVAILABLE ON 
ICM 7216D ONLY. rey 


0353-1 
Figure 1: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Maximum Supply Voltage (Vpp—Vss).......-..--+-- 6.5V 
Maximum Digit Output Current .................. 400 mA 
Maximum Segment Output Current ............... 60 mA 
Voltage On Any Input or 
Output Terminal[i] ........ (Vpp + 0.3V) to (Vsg—0.3V) 
Maximum Power Dissipation at 
DOG citer hotest iit od celeron buco etns 1.0W (ICM7216A) 
0.5W (ICM7216B & D) 
Operating Temperature Range ......... — 25°C to + 85°C 
Storage Temperature Range .......... —65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


ICM 7216A/B/D 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


Note: 1. The |CM7216 may be triggered into a destructive latchup mode if either input signals are applied before the power supply is applied or if input or outputs 


are forced to voltages exceeding Vpp to Vss by more than 0.3 volts. 


Common Anode 


CONTROL INPUT [1] 
[] HOLD INPUT 
FUNCTION INPUT [) 
DECIMAL POINT OUTPUT [I 
SEG E OUTPUT[] 

SEG G OUTPUT 

SEG A OUTPUT] 


J OSC INPUT 

J EXT OSC INPUT 
| J OIGIT 1 OUTPUT 
|_J DIGIT 2 OUTPUT 
| | OIGIT 3 OUTPUT 
L_] DIGIT 4 OUTPUT 
[) DIGIT § OUTPUT 


ICM7216A 


oon ©) OM &@ WHY = 


SEG D ouTeuT (J 
SEG B OUTPUT 
SEG C OUTPUT I 
SEG F OUTPUT 
RESET INPUT ( 
RANGE INPUT [] 


>_ -— = 
Ny = © 


1} DIGIT 6 OUTPUT 
_} DIGIT 7 OUTPUT 
15 (_] DIGIT 8 OUTPUT 


—_— == 
a Ww 
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Common Cathode 


CONTROL INPUT LI 
27 |_JHOLO INPUT 
FUNCTION INPUT [| 26} JOSC OUTPUT 
DIGIT 1 OUTPUT LJ 
DIGIT 3 OUTPUT [| 
DIGIT 2 OUTPUT L_ 


DIGIT 4 OUTPUT LI 


24 T JEXT OSC INPUT 

23 | J OECIMAL POINT OUTPUT 
ICM7216B8 224 JSEG G OUTPUT 

211 [SEG E OUTPUT 

20 [_j SEG A OUTPUT 


o©nnamnawn ~i 


DIGIT 5 OUTPUT (I 
DIGIT 6 OUTPUT [I 
DIGIT 7 OUTPUT CF 
DIGIT 8 OUTPUT FF 
RESET input ( 
RANGE INPUT (7 


17 LJ SEG B OUTPUT 
164 JSEGC OUTPUT 
15 |_j SEG F OUTPUT 


Common Cathode 


CONTROL INPUT (J 
MEASUREMENT IN PROGRESS [| 
DIGIT 1 OUTPUT [7 
DIGIT 3 OUTPUT [J 
DIGIT 2 OUTPUT [7 
DIGIT 4 OUTPUT [J 


DIGIT 5 OUTPUT LE 
DIGIT 6 OUTPUT 
DIGIT 7 OUTPUT [j 
DIGIT 8 OUTPUT 
RESET INPUT [] 
EX. 0.P. INPUT 
RANGE INPUT [7] 


oa vn oaownea wn — | 


(CM7216D 


J HOLD INPUT 
|_] OSC OUTPUT 


} EXT OSC INPUT 
| J DECIMAL POINT OUTPUT 
|} SEG G OUTPUT 
|} SEG E OUTPUT 
|} SEG A OUTPUT 
|} SEG D OUTPUT 


[J SEG B OUTPUT 
_JSEG C OUTPUT 
15 (1) SEG F OUTPUT 


Figure 2: Pin Configurations 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (ICM7216A/B) 


(Vpp = 5.0V, Vss =0, Ta = 25°C, unless otherwise specified.) 


[symbot | Parameter____| __YestGonaitions | win | tye | wax | Unie 


ICM7216A/B 


ip Operating Supply Current Display Off, Unused Inputs to Vss a 


Supply Voltage Range (Vpp—Vss) | INPUT A, 
VsSUPPLY | INPUT B Frequency at fmax 4.75 V 


fa(max) Maximum Frequency Figure 3, | 
INPUT A, Pin 28 Function= Frequency, Ratio, Unit 
Counter 
Function = Period, Time Interval 
fB(max) Maximum Frequency 
coe INPUT B, Pin 2 Ean 
Minimum Separation 
INPUT A to INPUT B Figure 9 | 
Time Interval Function 
f Maximum Osc. Freq. and Ext. | 
oe Osc. Frequency 
Minimum Ext. Osc. Freq, Moe ee a ee 
law. Oscillator Transconductance Vop = 4.75V, Ta= + 85°C 


5 


Ll 
ae 
N 


0 


Ble 
As 
N 


2000 


= 
wn 


Multiplex Frequency fosc = 10 MHz 
Fl Time Between Measurements fosc = 10 MHz 


Input Voltages: 
Pins 2,13,25,27,28 
VINL Input Low Voltage 
VINH Input High Voltage 
Input Resistance to Vpp = 
Ca Pins 13,24 Ne BB 
input Leakage 
LK Pin 27,28,2 
dVinj/at Input Range of Change Supplies Well Bypassed 


ICM7216A | 


Digit Driver: 
Pins 15,16,17,19,20,21,22,23 
High Output Current 

Low Output Current 


5 


2. 
25 
10 
3. 
10 


—) 


0 


a 
co) 
= x 


= 
on 
3 
< 
~ 
= 
ep) 


Vout = Vpp — 2.0V —180 


Vout = Vss t+ 1.0V 


Segment Driver: 
Pins 4,5,6,7,9,10,11,12 
Low Output Current 
High Output Current 


Multiplex Inputs: 

Pins 1,3,14 

Input Low Voltage 

Input High Voltage 
Input Resistance to Vss 


Vout = Vss + 1.5V 
Vout = Vop—2.5V 


= 


Vin=Vss+t 1.0V kQ 


at 
BAS 
ro) 
adh . 
ow re) 
ro) 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (ICM7216A/B) 


(Vpp = 5.0V, Vss=0, Ta = 25°C, unless otherwise specified.) (Continued) 


| symbol | Parameter | TestConditions, | Min | Typ_| Max | Units | 


ICM7216B 
Digit Driver: 
Pins 4,5,6,7,9,10,11,12 
Low Output Current Vout = Vss+t 1.3V 
High Output Current Vout = Vpp—2.5V 


Segment Driver: 


Pins 15,16,17,19,20,21,22,23 
High Output Current Vout = Vpp—2.0V 
Leakage Current Vout = Vpp —2.5V 


Multiplex Inputs: 
Pins 1,3,14 
Input Low Voltage 
Input High Voitage 
Input Resistance to Vpp Vin= Vpp —2.5V 


ELECTRICAL CHARACTERISTICS (ICM7216D) 
(Vpp = 5.0V, Vss=0, Ta = 25°C, unless otherwise specified.) 


| Symbol | Parameter | Test Conditions | Min_| Typ | Max | Units _| 
O25 


ICM7216D 


Vsupp.y | Supply Voltage Range (Vpp—Vss) | INPUTA 
Frequency at fmax 4.75 V 


fosc Maximum Osc. Freq. and Ext. 
Osc. Frequency 10 MHz 
| fosc . Re eee el 100 | kHz 


Minimum Ext. Osc. Freq 


Multiplex Frequency fosc = 10 MHz 
fosc = 10 MHz 


input Voltages: 
Pins 12,27,28 

Input Low Voltage 

Input High Voltage 


© 


NOTE: All typical values have been characterized but are not tested. 


11-27 


linn | Operating Supply Current Display Off, Unused Inputs to Vss PF fe | 8] oma | 


fa(max) Maximum Frequency 
INPUT A, Pin 28 Figure 3 10 MHz . 
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ICM 7216A/B/D 


ELECTRICAL CHARACTERISTICS (ICM7216D) 
(Vpp=5.0V +5%, Vss=0, Ta = 25°C, unless otherwise specified.) (Continued) 


[symbot_[ Parameter | Testconations | __win | typ | wax | Unie 


ICM7216D 


Digit Driver: 
Pins 3,4,5,6,8,9,10,11 
Low Output Current Vout = + 1.3V 
High Output Current Vout = Vpp — 2.5V 


Segment Driver: 
Pins 15,16,17,19,20,21,22,23 
High Output Current Vout = Vpp —2.0V 
Leakage Current : Vout = Vop—2.5V 


Multiplex Inputs: 
Pins 1,13,14 
Input Low Voitage 
Input High Voltage 
Input Resistance to Vpp Vin= Vpp — 1.0V 


TYPICAL PERFORMANCE CHARACTERISTICS 


fa (max) FREQUENCY UNIT COUNTER, 
FREQUENCY RATIO MODES 


18 


~~ 
°o 


fa (max) fa (max) PERIOD, 
TIME INTERVAL MODES 


FREQUENCY (MHz) 


on 


Voo — Vss (VOLTS) 
0353-26 


fa(max), fa(max) as a Function of Supply 


NOTE: All typical values have been characterized but are not tested. 
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30 


iICM7216A/B/D = 

= 

TYPICAL PERFORMANCE CHARACTERISTICS o 
ICM7216A Typical Ipig VS. Vop — Vout; ICM7216B & D Typical Isgq vs. Vpp — Vout: N 
4.5<Vpp<6.0V 4.5<Vpp<6.0V _ 

© 


Ipig (mA) 
Iggg (mA) 


) ’ 2 3 
Vop — Vout (VOLTS) Vop — Vout (VOLTS) 

0353-6 0353-7 
1CM7216A Typical Iseg VS. Vout \ 


ICM7216B & D Typical Ipigit vs. Vout 
200 


Isegq (mA) 
| pitt (mA) 


Iseg (mA) 


loicit (mA) 


2 
Vout (VOLTS) 


Vour (VOLTS) 
0353-9 


0353-10 


NOTE: All typical values have been characterized but are not tested. 
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ICM7216A/B/D 


COUNTED 


Pe as 


t, * ty = 10 nsec 


MEASURED 
INTERVAL 


250 ns 


INPUT A OR 


INP 
INPUT A wer 


ty = te = 10 nsec 


0353-12 
Figure 4: Waveform for Guaranteed Minimum 
fg(max) and fa(max) for Function = 
Period and Time Interval. 


0353-11 
Figure 3: Waveform for Guaranteed.Minimum 
fa(max) Function = Frequency; 
Frequency Ratio, Unit Counter. 


FUNCTION Voo 
GENERATOR : DISPLAY OISPLAY ext 


BLANK TEST 1MiHz osc TEST 


CRYSTAL 


io) 


TYPICAL CRYSTAL’SPECS: 

F = 10 MHz PARALLEL RESONANCE 
CG = 22pF 

Rg = < ISN 


oan aneaewneae 


LEO 
OVERFLOW 
INDICATOR 


~ 
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¢€ 
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f 
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dp 
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Figure 5: Test Circuit (7216A shown; others:similar) 


NOTE: All typical values have been characterized but are not tested. 
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Overflow will be indicated on the decimal point output of digit 8. 


A separate LED overflow indicator can be connected as follows: 


Cathode 
DEC. PT. 
Dg 


Anode 
Dg 
DEC. PT. 


ICM7216A 
ICM7216B/D 


ICM7216A/B/D 


¥ 

{ 
e 
3 
uy 
5 
o 
q 
g 
5 


Figure 6: Segment Identification and Display Font 


DETAILED DESCRIPTION 


INPUTS A andB 


INPUTS A and B are digital inputs with a typical switching 
threshold of 2.0V at Vpp=5.0V. For optimum performance 
the peak-to-peak input signal should be at least 50% of the 
supply voltage and centered about the switching voltage. 
When these inputs are being driven from TTL logic, it is 
desirable to use a pullup resistor. The circuit counts high to 
low transitions at both inputs. (INPUT B is available only on 
ICM7216A/B). 


Note that the amplitude of the input should not exceed 
the device supply (above the Vpp and below the Vss) by 
more than 0.3V, otherwise the device may be damaged. 


Multiplexed Inputs 


The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL POINT inputs are time multiplexed to select the 
function desired. This is achieved by connecting the appro- 
priate Digit driver output to the inputs. The function, range 
and control inputs must be stable during the last half of 
each digit output, (typically 125us). The multiplexed inputs 
are active high for the common anode ICM7216A and ac- 
tive low for the common cathode ICM7216B and D. 


Noise on the multiplex inputs can cause improper opera- 
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10k resistor should be placed in series with the multi- 
plexed inputs as shown in the application circuits. 


Table 1 shows the functions selected by each digit for 
these inputs. 


NOTE: All typical values have been characterized but are not tested. 


11-31 


Table 1: Multiplexed Input Functions 


FUNCTION INPUT 
(Pin 3, 
ICM7216A & B 
Only) 


Frequency 
Period 


Frequency Ratio 


Time Interval 
Unit Counter 
Oscillator 
Frequency 


0.01 sec/1 Cycle 

0.1 sec/10 Cycles 
1 sec/100 Cycles 
10 sec/1K Cycles 


Display Off 
Display Test 

1 MHz Select 
External Oscillator 
Enable 

External Decimal 
Point Enable 


RANGE INPUT 
Pin 14 


CONTROL INPUT 
Pin 1 


EXT. D.P. INPUT 
(Pin 13, |ICM7216D 
Only) 


FUNCTION INPUT 


The six functions that can be selected are: Frequency, 
Period, Time Interval, Unit Counter, Frequency Ratio 
and Oscillator Frequency. This input is available on the 
ICM7216A and B only. 


Decimal point is output for same 
digit that is connected to 
this input 


ICM7216A/B/D 


ICM7216A/B/D 


The implementation of different functions is done by rout- 


ing the different signals to two counters, called ‘Main Coun- 


ter’ and ‘Reference Counter’. A simplified block diagram 


of the device for functions realization is shown in Figure 7. 


Table 2 shows which signals will be routed to each counter 
in different cases. The output of the Main Counter if the 
information which goes to the display. The Reference Coun- 
ter divides its input to 1, 10, 100 and 1000. One of these 
outputs will be selected through the range selector and 
drive the enable input of the Main Counter. This means that 


the Reference Counter, along with its’ associated blocks, 
directs the Main Counter to begin counting and determines 


the length of the counting period. Note that Figure 7 does 
not show the complete functional diagram (See Figure 1). 
After the end of each counting period, the output of the 
Main Counter will be latched and displayed, then the coun- 
ter will be reset and a new measurement cycle will begin. 
Any change in the FUNCTION INPUT will stop the present 


measurement without updating the display and then initiate 


a new measurement. This prevents an erroneous first read- 
ing after the FUNCTION INPUT is changed. In all cases, the 
1-0 transitions are counted or timed. 


INTERNAL CONTROL 


100 Hz 
INPUT A 
INPUT B 


INPUT 
SELECTOR 


INTERNAL CONTROL 


INTERNAL CONTROL 


INTERNAL OR 
EXTERNAL 
OSCILLATOR INPUT 
SELECTOR 
INPUT A 


ICM7216A/B/D 
Table 2: 7216A/B Input Routing 
[Fein | winsome |S 


Period (t) 
Ratio (t/a) 


Time Interval Input A 
(A — B) 


Unit Counter 
(Count A) 


Osc. Freq. 
(fose) 


Input A 


Oscillator 


Frequency—In this mode input A is counted by the Main 
Counter for a precise period of time. This time is determined 
by the time base oscillator and the selected range. For the 
10 MHz (or 1 MHz) time base, the resolutions are 100, 10, 1 
and 0.1 Hz. The decimal point on the display is set for kHz 
reading. | 


Not Applicable 


100 Hz (Oscillator 
+ 105 or 104) 


INTERNAL CONTROL 


CLOCK 
REFERENCE COUNTER 


Po Papr 


RANGE SELECTOR 


ENABLE 
CLOCK 


MAIN COUNTER 


Figure 7: Simplified Block Diagram of Functions Implementation 


NOTE: All typical values have been characterized but are not tested. 


Period—!n this mode, the timebase oscillator is counted 
by the Main Counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input A. A 10 MHz 
timebase gives resolutions of 0.1us to 0.00018 for 1000 
periods averaging. Note that the maximum input frequency 
for period measurement is 2.5 MHz. 


Frequency Ratio—In this mode, the input A is counted 
by the Main Counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input B. The fre- 
quency at input A should be higher than input B for mean- 
ingful result. The result in this case is unitless and its resolu- 
tion can go up to 3 digits after decimal point. 


Time Interval—in this mode, the timebase oscillator is 
counted by the Main Counter for the duration of a 1-0 tran- 
sition of input A until a 1-0 transition of input B. This means 
input A starts the counting and input B stops it. If other 
ranges, except 0.01 s/1 cycle are selected the sequence of 
input A and B transitions must happen 10, 100 or 1000 
times until the display becomes updated; note this when 
measuring long time intervals to give enough time for mea- 
surement completion. The resolution in this mode is the 
same as for period measurement. See the Time Interval 
Measurement section also. 


Unit Counter—!n this mode, the Main Counter is always 
enabled. The input A is counted by the Main Counter and 
displayed continuously. 

Oscillator Frequency—in this mode, the device makes a 
frequency measurement on its timebase. This is a self test 
mode for device functionality check. For 10 MHz timebase 
the display will show 10000.0, 10000.00, 10000.000 and 
Overflow in different ranges. 


NOTE: All typical values have been characterized but are not tested. 
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RANGE INPUT 


The RANGE INPUT selects whether the measurement 
period is made for 1, 10, 100 or 1000 counts of the Refer- 
ence Counter. As it is shown in Table 1, this gives different 
counting windows for frequency measurement and various 
cycles for other modes of measurement. 


In all functional modes except Unit Counter, any change 
in the RANGE INPUT will stop the present measurement 
without updating the display and then initiate a new mea- 
surement. This prevents an erroneous first reading after the 
RANGE INPUT is changed. 


CONTROL INPUT 


Unlike the other multiplexed inputs, to which only one of 
the digit outputs can be connected at a time, this input can 
be tied to different digit lines to select combination of con- 
trols. In this case, isolation diodes must be used in digit 
lines to avoid crosstalk between them (see Figure 5). The 
direction of diodes depends on the device version, common 
anode or common cathode. For maximum noise immunity at 
this input, in addition to the 10k resistor which was men- 
tioned before, a 39 to 100 pF capacitor should also be 
placed between this input and the Vpp or Vss (See Figure 
5). 

Display Off—To disable the display drivers, it is neces- 
sary to tie the D4 line to the CONTROL INPUT and have the 
HOLD input at Vpp. While in Display Off mode, the seg- 
ments and digit drivers are all off, leaving the display lines 
floating, so the display can be shared with other devices. In 
this mode, the oscillator continues to run with a typical sup- 
ply current of 1.5 mA with a 10 MHz crystal, but no mea- 
surements are made and multiplexed inputs are inactive. A 
new measurement cycle will be initiated when the HOLD 
input is switched to Vss. | 

Display Test—Display will turn on with all the digits 
showing 8s and all decimal points on. The display will be 
blanked if Display Off is selected at the same time. 


ICM7216A/B/D 


ICM7216A/B/D 


1 MHz Select—The 1 MHz select mode allows use of a 
1 MHz crystal with the same digit multiplex rate and time 
between measurement as with a 10 MHz crystal. This is 
done by dividing the oscillator frequency by 104 rather than 
105. The decimal point is also shifted one digit to the right in 
period and time interval, since the least significant digit will 
be in ws increment rather than 0.1):s increment. 


External Oscillator Enable—In this mode, the signal at 
EXT OSC INPUT is used as a timebase instead of the on- 
board crystal oscillator (built around the OSC INPUT, OSC 
OUTPUT inputs). This input can be used for an external 
stable temperature compensated crystal oscillator or for 
special measurements with any external source. The on- 
board crystal oscillator continues to work when the external 
oscillator is selected. This is necessary to avoid hang-up 
problems, and has no effect on the chip’s functional opera- 
tion. If the on-board oscillator frequency is less than 1 MHz 
or only the external oscillator is used, THE OSC INPUT 
MUST BE CONNECTED TO THE EXT OSC INPUT provid- 
ing the timebase has enough voltage swing for OSC INPUT 
(See electrical characteristics). If the external timebase is 
TTL level a pullup resistor must be used for OSC INPUT. 
The other way is to put a 22 MQ resistor between OSC 
INPUT and OSC OUTPUT and capacitively couple the EXT 
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at 
its threshold and the drive voltage will need to be only 
2 Vp-p. The external timebase frequency must be greater 
than 100 kHz or the chip will reset itself to enable the on- 
board oscillator. 


External Decimal Point Enable—in this mode, the EX 
D.P. INPUT is enabled (ICM7216D only). A decimal point 
will be displayed for the digit that its output line is connected 
to this input (EX D.P. INPUT). Digit 8 should not be used 
since it will override the overflow output. Leading zero 
blanking is effective for the digits to the left of selected deci- 
mal point. 


NOTE: All typical values have been characterized but are not tested. 
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HOLD INPUT 


Except in the unit counter mode, when the HOLD input 
is at Vpp, any measurement in progress (before STORE 
goes low) is stopped, the main counter is reset and the chip 
is held ready to initiate a new measurement as soon as 
HOLD goes low. The latches which hold the main counter 
data are not updated, so the last complete measurement is 
displayed. In unit counter mode when HOLD input is at 
Vpp; the counter is not stopped or reset, but the display is 
frozen at that instantaneous value. When HOLD goes low 
the count continues from the new value in the new counter. 


RESET INPUT 


The RESET input resets the main counter, stops any 
measurement in progress, and enables the main counter 
latches, resulting in an all zero output. A capacitor to ground 
will prevent any hang-ups on power-up. 


MEASUREMENT IN PROGRESS 


This output is provided in ICM7216D. It stays low during 
measurements and goes high for intervals between mea- 
surements. It is provided for system interfacing and can 
drive a low power Schottky TTL or one ECL load if the ECL 
device is powered from the same supply as ICM7216D. 


Decimal Point Position 


Table 3 shows the decimal point position for different 
modes of ICM7216 operation. Note that the digit 1 is the 
least significant digit. Table is give for 10 MHz timebase 
frequency. 


Overflow Indication 


When overflow happens in any measurement it will be 
indicated on the decimal point of the digit 8. A separate LED 
indicator can be used. Figure 6 shows how to connect this 
indicator. 


ICM7216A/B/D 


Table 3: Decimal Point Position 


0.01 s/1 Cycle 


0.1 s/10 Cycle 
1 s/100 Cycle 
10 s/1k Cycle 


Time Interval Measurement 


When in the time interval mode and measuring a single 
event, the |CM7216A/B must first be “primed” prior to mea- 
suring the event of interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the “measurement inter- 
val”. The inputs are then primed ready for the measure- 
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 


Priming can be easily accomplished using the circuit in 
Figure 8. 


Following the priming procedure (when in single event or 
1 cycle range) the device is ready to measure one (only) 
event. 


When timing repetitive signals, it is not necessary to 
“prime” the ICM7216A/B as the first alternating signal 
‘states automatically prime the device. See Figure 9. 


During any time interval measurement cycle, the 
ICM7216A/B requires 200 ms following B going low to up- 
date all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 


Oscillator Considerations 


The oscillator is a high gain CMOS inverter. An external 
resistor of 10M to 22M should be connected between 
the OSCillator INPUT and OUTPUT to provide biasing. The 
oscillator is designed to work with a parallel resonant 
10 MHz quartz crystal with a static capacitance of 22pF and 
a series resistance of less than 35 ohms. 

For a specific crystal and load capacitance, the required 
Gm can be calculated as follows: 


C 2 
CL 


SIGNAL B 


Co= Crystal Static Capacitance 

Rs= Crystal Series Resistance 

Cin = Input Capacitance 

Coyt = Output Capacitance 

w= 27! 

The required g,, should not exceed 50% of the gm, speci- 
fied for the ICM7216 to insure reliable startup. The OSCilla- 
tor INPUT and OUTPUT pins each contribute about 5pF to 
Cin and Coyt. For maximum stability of frequency, Cj, and 
Cout Should be approximately twice the specified crystal 
static capacitance. 


In cases where non decade prescalers are used it may be 
desirable to use a crystal which is neither 10 MHz or 1 MHz. 
In that case both the multiplex rate and time between mea- 
surements will be different. The multiplex rate is 


_fose _ 
2x 103 


2 
1 MHz mode. The time between measurements is 


for the 
x 106 


osc 


fos 
fmux= oer 7" r for 10 MHz mode and fmux = 


in 


2X105 | 
the 10 MHz mode and in the 1 MHz mode. 


osc 
The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. Coupling from the EXTERNAL OSCILLATOR 
INPUT to the OSCILLATOR OUTPUT or INPUT can cause 
undesirable shifts in oscillator frequency. 


[Device | Type 


CD4049B Inverting Buffer 
CD4070B Exclusive-OR — 
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Figure 8: Priming Circuit, Signals A & B Both High or Low 


NOTE: Ail typical values have been characterized but are not tested. 
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NOTE: IF RANGE IS SET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE. 


Figure 9: Waveforms for Time Interval Measurement 
(Others are similar, but without priming phase). 


Display Considerations 


The display is multiplexed at a 500 Hz rate with a digit 
time of 244 yS. An interdigit blanking time of 6s is used to 
prevent display ghosting (faint display of data from previous 
digit superimposed on the next digit). Leading zero blanking 
is provided, which blanks the left hand zeroes after decimal 


‘point or any non zero digits. Digits to the right of the decimal 


point are always displayed. The leading zero blanking will 
be disabled when the Main Counter overflows. 


The ICM7216A is designed to drive common anode LED 
displays at peak current of 25 mA/segment, using displays 
with Ve=1.8V at 25 mA. The average DC current will be 
over 3 mA under these:conditions. The ICM7216B and D 
are designed to drive common cathode displays at peak 
current of 15 mA/segment using displays with Ve = 1.8V at 
15 mA. Resistors can be added in series with the segment 
drivers to limit the display current in very efficient displays, if 
required. The Typical Performance Characteristics curves 
show the digit and segment currents as a function of output 
voltage. 


To get additional brightness out of the displays, Vpp may 
be increased up to 6.0V. However, care should be taken to 
see that maximum power and current ratings are not ex- 
ceeded. 


NOTE: All typical values have been characterized but are not tested. 
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The segment and digit outputs in ICM7216’s are not di- 
rectly compatible with either TTL or CMOS logic when driv- 
ing LEDs. Therefore, level shifting with discrete transistors 
may be required to use these outputs as logic signals. 


ACCURACY 


In a Universal Counter crystal drift and quantization ef- 
fects cause errors. In frequency, period and time interval 
modes, a signal derived from the oscillator is used in either 
the Reference Counter or Main Counter. Therefore, in these 
modes an error in the oscillator frequency will cause an 
identical error in the measurement. For instance, an oscilla- 
tor temperature coefficient of 20ppm/°C will cause a mea- 
surement error of 20ppm/°C. 


in addition, there is a quantization error inherent in any 
digital measurement of +1 count. Clearly this error is re- 
duced by displaying more digits. In the frequency mode the 
maximum accuracy is obtained with high frequency inputs 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 10. In time in- 
terval measurements there can be an error of 1 count per 
interval. As a result there is the same inherent accuracy in 
all ranges as shown in Figure 11. In frequency ratio mea- 
surement can be more accurately obtained by averaging 
over more cycles of INPUT B as shown in Figure 12. 
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Figure 10: Maximum Accuracy of Frequency and Figure 12: Maximum Accuracy for Frequency 


Period Measurements Due to Limitations of | Ratio Measurement Due to Limitation of 
Quantization Errors Quantization Errors 
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Figure 11: Maximum Accuracy of Time Interval 
Measurement Due to Limitations of 
Quantization Errors 


NOTE: All typical values have been characterized but are not tested. 
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Figure 13: 10 MHz Universal Counter 


APPLICATIONS 


The ICM7216 has been designed for use in a wide range 
of Universal and Frequency counters. In many cases, pre- 
scalers will be required to reduce the input frequencies to 
under 10 MHz. Because INPUT A and INPUT B are digital 
inputs, additional circuitry is often required for input buffer- 
ing, amplification, hysterisis, and level shifting to obtain a 
good digital signal. 


NOTE: All typical values have been characterized but are not tested. 
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The ICM7216A or B can be used as a minimum compo- 
nent complete Universal Counter as shown in Figure 13. 
This circuit can use input frequencies up to 10 MHz at IN- 
PUT A and 2 MHz at INPUT B. If the signal at INPUT A has 
a very low duty cycle it may be necessary to use a 74LS121 
monostable multivibrator or similar circuit to stretch the in- 
put pulse width to be able to guarantee that it is at least 
50 ns in duration. 


INPUT A 


¥74LS312 Ov’ 
0 


> %74L8112 I ang 


222 


; << ot ot awn ——f 
aon zrseeene@ 


8222 


COMMON CATHODE LED DISPLAY 


H e 
De 07 Os 


g§ ge ~eacce 


LED OVERFLOW 
iwoicator “Y 


Figure 14: 40 MHz Frequency Counter 


To measure frequencies up to 40 MHz the circuit of Fig- 
ure 14 can be used. To obtain the correct measured value, 
it is necessary to divide the oscillator frequency by four as 
well as the input frequency. In doing this the time between 
measurements is also lengthened to 800 ms and the display 
multiplex rate is decreased to 125 Hz. 


If the input frequency is prescaled by ten, then the oscilla- 
tor can remain at 10 or 1 MHz, but the decimal point must 
be moved one digit to the right. Figure 15 shows a frequen- 
cy counter with a +10 prescaler and an ICM7216A. Since 


NOTE: All typical values have been characterized but are not tested. 
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there is no external decimal point control with the 
ICM7216A/B, the decimal point may be controlled external- 
ly with additional drivers as shown in Figure 15. Alternative- 
ly, if separate anodes are available for the decimal points, 
they can be wired up to the adjacent digit anodes. Note that 
there can be one zero to the left of the decimal point since 
the internal leading zero blanking cannot be changed. In 
Figure 16 additional logic has been added to count the input 
directly in period mode for maximum accuracy. In Figures 
15 and 16, INPUT A comes from Qc of the prescaler rather 
than Qp to obtain an input duty cycle of 40%. 
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Figure 15: 100 MHz Multifunction Counter 


NOTE: All typical values have been characterized but are not tested. 
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Figure 16: 100 MHz Frequency, 2 MHz Period Counter 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The ICM7217 is a four digit, presettable up/down counter 
with an onboard presettable register continuously compared 
to the counter. The ICM7217 is intended for use in hard- 
wired applications where thumbwheel switches are used for 
loading data, and simple SPDT switches are used for chip 
control. 


This circuit provides multiplexed 7 segment LED display 
outputs, with common anode or common cathode configu- 
rations available. Digit and segment drivers are provided to 
directly drive displays of up to 0.8” character height (com- 
mon anode) at a 25% duty cycle. The frequency of the on- 
board multiplex oscillator may be controlled with a single 
capacitor, or the oscillator may be allowed to free run. Lead- 
ing zeros can be blanked. The data appearing at the 7 seg- 
ment and BCD outputs is latched; the content of the coun- 
ter is transferred into the latches under external control by 
means of the Store pin. 


The 1CM7217 (common anode) and ICM7217A (common 
cathode) versions are decade counters, providing a maxi- 
mum count of 9999, while the ICM7217B (common anode) 
and ICM7217C (common cathode) are intended for timing 
purposes, providing a maximum count of 5959. 


This circuit provides 3 main outputs; a CARRY/BORROW 
output, which allows for direct cascading of counters, a 
ZERO output, which indicates when the count is zero, and 
an EQUAL output, which indicates when the count is equal 
to the value contained in the register. Data is multiplexed to 
and from the device by means of a three-state BCD |/O 
port. The CARRY/BORROW, EQUAL, ZERO outputs, and 
the BCD port will each drive one standard TTL load. 


To permit operation in noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count in- 
put is provided with a Schmitt trigger. 

Input frequency is guaranteed to 2MHz, although the de- 
vice will typically run with fj, as high as 5MHz. Counting and 
comparing (EQUAL output) will typically run 750kHz maxi- 
mum. 


ORDERING INFORMATION 


ICM7217 


4-Digit LED Display Programmable 


Up/Down Counter 
FEATURES 


® Four Decade, Presettable Up-Down Counter With 
Parallel Zero Detect 


® Settable Register With Contents Continuously 
Compared to Counter 


® Directly Drives Multiplexed 7 Segment Common 
Anode or Common Cathode LED Displays 


© On-Board Multiplex Scan Oscillator 
© Schmitt Trigger On Count Input 


© TTL Compatible BCD !|/O Port, Carry/Borrow, Equal, 
and Zero Outputs 


® Display Blank Control for Lower Power Operation; 
Quiescent Power Dissipation <5mW 


® All Terminals Fully Protected Against Static 
Discharge 


®@ Single 5V Supply Operation 


Part Temperature Display Driver Count Option/ 
Number Range Package Type Max Count 
ICM7 21 7AIPI -25°C to +85°9C 28 Pin Plastic DIP | Common Cathode Decade/9999 
ICM7 21 7CIPI ~25° C to +85°C 28 Pin Plastic DIP Common Cathode Timing/5959 


ICM7217IuJI -25°C to +85°C 28 Pin CERDIP Decade/9999 
ICM7217Blul -25°C to +85°C 28 Pin CERDIP Timing/5959 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. , 202816-—004 
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NOTE: All typical values have been characterized but are not tested. 
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Figure 1: |CM7217 Functional Diagram 
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NOTE: All typical values have been characterized but ara not tested. 
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Figure 2: Pin Configurations 
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| SEGment driver Common cathode Voyt=Vpp —2V 
| output current 


ICM7217 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Vpp — Vss) .......-.- paehews Seeticas 6V Power Dissipation (common cathode/Plastic) ....... 0.5W 
Input Voltage (any terminal) ............. (Vssg — 0.3)V to — (Note 1) : 
(Note 2) (Vpp + 0.3)V Operating Temperature Range ......... — 25°C to + 85°C 
Power Dissipation (common anode/Cerdip) .......... 1W Storage Temperature Range .......... —65°C to + 150°C 
(Note 1) Lead Temperature (Soldering, 10sec) ............. 300°C 


- NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 


operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS § (Vpp=5V, Vss=0V, Ta = 25°C, Display Diode Drop 1.7V, unless 


otherwise specified) 


[Symbol_| Parameter Test Conditions [Min | Typ | Max | Unit | 
lpp Supply Current Display Off, LC, DC, UP/DN, 
(7217) (Lowest power mode) ST, RS, BCD 1/0 Floating or at Vpp (Note 3) pA 
Supply Current Common Anode, Display On, all ‘'8’s 1140] 200 | | ma | 
OPERATING Common Cathode, Display On, all “8’s” | 400 | | ma | 
Voo___| Supply Voltage eee 85 | 
loi Digit Driver output Common anode, Vout = Vpp —2.0V 140 
current 
SEGment driver Common anode, Voyt= + 1.5V 
Output current 
Digit Driver - | Common cathode, Voyt= + 1.0V =75 mA 
output current peak 


K< 


ST, RS, UP/DN input Vin=Vpp —2V (See Note 3) 

pullup current 

2 level input impedance oe 

VBIH BCD 1/0 input ICM7217 common anode (Note 4) 45 | 
high voltage ICM7217 common cathode (Note 4) 


D 

VBIL BCD I/O input ICM7217 common anode (Note 4) foe 
low voltage ICM7217 common cathode (Note 4) ae 

IBPU BCD I/O input IGM7217 common cathode Vin=Vpp —2V 
pullup current (Note 3) : 

IBPD BCD I/O input ICM7217 common anode Vin = + 2V (Note 3) 
pulldown current 

VOH © BCD I/O, ZERO, EQUAL Outputs |} Io4y= —100nA 
output high voltage en 


BCD I/O, CARRY/BORROW loL=1.6mA 
ZERO, EQUAL Outputs 


output low voltage 


Count input frequency : —20°C<Ta<+70°C 
Count input threshold (Notes) 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) (Vpp=5V, Vsg= OV, Ta = 25°C, Display Diode Drop 1.7V, 


unless otherwise specified) 


| Symbol | Parameter | Test Conditions | Min | Typ | Max | unit | 
| Von | Countinputbo 
| Vow | Gountinpute PO 


fds Display scan Free-running (SCAN terminal open circuit) 
oscillator frequency 


SWITCHING CHARACTERISTICS. (Vpp=5vV, Vss= OV, Ta = 25°C) 


Lees 
a 


RESET pulse width 


NOTES: 1. These limits refer to the package and will not be obtained during normal! operation. 
2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vpp or less 
than Vss may cause destructive device latchup. For this reason it is recommended that the power supply to the device be established before any inputs 
are applied and that in multiple systems the supply to the 1CM7217 be turned on first. 


COUNT to ZERO delay 


3. In the ICM7217 the UP/DOWN, STORE, RESET and the BCD I/O as inputs have pullup or pulldown devices which consume power when connected to 
the opposite supply. Under these conditions, with the display off, the device will consume typically 750 pA. 

4. These voltages are adjusted to allow the use of thumbwheel switches for the 1CM7217. Note that a high level is taken as an input logic zero for 
1CM7217 common-cathode versions. 

5. Parameters not tested (Guaranteed by Design). 


NOTE: All typical values have been characterized but are not tested. 
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Figure 3: Test Circuits, showing the ICM7217 in the Common-Anode Version 
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NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


Control Outputs 


The CARRY/BORROW output is a positive going pulse 
occurring typically 500ns after the positive going edge of 
the COUNT INPUT. It occurs when the counter is clocked 
from 9999 to 0000 when counting up and from 0000 to 9999 
when counting down. This output allows direct cascading of 
counters. The CARRY/BORROW output is not valid during 
load counter and reset operation. When the count is 6000 
or higher, a reset generates a CARRY/BORROW pulse. 


The EQUAL output assumes a negative level when the 
contents of the counter and register are equal. 


The ZERO output assumes a negative level when the 
content of the counter is 0000. 


The CARRY/BORROW, EQUAL and ZERO outputs will 
drive a single TTL load over the full range of supply voltage 
and ambient temperature; for a logic zero, these outputs will 
sink 1.6mA @ 0.4V and for a logic one, the outputs will 
source>60nA. A 10k pull-up resistor to Vpp on the 
EQUAL or ZERO outputs is recommended for highest 
speed operation, and on the CARRY/BORROW output 
when it is being used for cascading. Figure 5 shows control 
outputs timing diagram. 


Display Outputs and Control 


The Digit and SEGment drivers provide a decoded 7 seg- 
ment display system, capable of directly driving common 
anode LED displays at typical peak currents of 35mA/seg. 
This corresponds to average currents of 8mA/seg at a 25% 
multiplex duty cycle. For the common cathode versions, 
peak segment currents are 12.5mA, corresponding to aver- 
age segment currents of 3.1mA. Figure 4 shows the multi- 
plex timing. The DISPLAY pin controls the display output 
using three level logic. The pin is self-biased to a voltage 
approximately 1% (Vpp); this corresponds to normal opera- 
tion. When this pin is connected to Vpp, the segments are 
disabled and when connected to Vss, the leading zero 
blanking feature is inhibited. For normal operation (display 
on with leading zero blanking) the pin should be left open. 
The display may be controlled with a 3 position SPDT 
switch; see Figure 3. 


Multiplex SCAN Oscillator 


The on-board multiplex scan oscillator has a nominal 
free-running frequency of 2.5kHz. This may be reduced by 
the addition of a single capacitor between the SCAN pin 
and the positive supply. Capacitor values and correspond- 
ing nominal oscillator frequencies, digit repetition rates, and 
loading times are shown in Table 1 below. 


Table 1: ICM7217 Multiplexed Rate Control 


Nominal 
Oscillator 
Frequency 


Digit 
Repetition 
Rate 


Scan Cycle 
Time 
(4 digits) 


Scan 
Capacitor 


2.5kHz 625Hz 
1.25kHz 300Hz 
600Hz 150Hz 


NOTE: All typical values have been characterized but are not tested. 
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The internal oscillator output has a duty cycle of approxi- 
mately 25:1, providing a short pulse occurring at the oscilla- 
tor frequency. This pulse clocks the four-state counter 
which provides the four multiplex phases. The short pulse 
width is used to delay the digit driver outputs, thereby pro- 
viding inter-digit blanking which prevents ghosting. The dig- 
its are scanned from MSD (D4) to LSD (D1). See Figure 4 
for the display digit multiplex timing. 

During load counter and load register operations, the 
multiplex oscillator is disconnected from the SCAN input 
and is allowed to free-run. In all other conditions, the oscilla- 
tor may be directly overdriven to about 20kHz, however the 
external oscillator signal should have the same duty cycle 
as the internal signal, since the digits are blanked during the 
time the external signal is at a positive level (see Figure 4). 
To insure proper leading zero blanking, the interdigit blank- 
ing time should not be less than about 2s. Overdriving the 
oscillator at less than 200Hz may cause display flickering. 


The display brightness may be altered by varying the duty 
cycle. Figure 7 shows several variable-duty-cycle oscillators 
suitable for brightness control at the ICM7217 SCAN input. 
The inverters should be CMOS CD4000 series and the di- 
odes may be any inexpensive device such as IN914. 


Counting Control, STORE, RESET 


As shown in Figure 5, the counter is incremented by the 
rising edge of the COUNT INPUT signal when UP/DOWN is 
high. It is decremented when UP/DOWN is low. A Schmitt 
trigger on the COUNT INPUT provides hysteresis to prevent 
double triggering on slow rising edges and permits opera- 
tion in noisy environments. The COUNT INPUT is inhibited 
during reset and load counter operations. 


The STORE pin controls the internal latches and conse- 
quently the signals appearing at the 7-segment and BCD 
outputs. Bringing the STORE pin low transfers the contents 
of the counter into the latches. 


The counter is asynchronously reset to 0000 by bringing 
the RESET pin low. The circuit performs the reset operation 
by forcing the BCD input lines to zero, and “presetting”’ all 
four decades of counter in parallel. This affects register 
loading; if LOAD REGISTER is activated when the RESET 
input is low, the register will also be set to zero. The 
STORE, RESET and UP/DOWN pins are provided with pull- 
up resistors of approximately 75k. 


BCD I/O Pins 


The BCD !I/O port provides a means of transferring data 
to and from the device. The ICM7217 versions can multiplex 
data into the counter or register via thumbwheel switches, 
depending on inputs to the LOAD COUNTER or LOAD 
REGISTER pins; (see below). When functioning as outputs, 
the BCD I/O pins will drive one standard TTL load. Com- 
mon anode versions have internal pull down resistors and 
common cathode versions have internal pull up resistors on 
the four BCD I/O lines when used as inputs. 
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Figure 4: Multiplex Timing 
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Figure 5: 1CM7217 COUNT and Outputs Timing 


NOTE: All typical values have been characterized but are not tested. 
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SCAN INPUT 


1CM7217 1CM7217 


SCAN INPUT 


ICM7 217 


" SCAN INPUT 
1CM7217 


Figure 6: Brightness Control Circuits 


LOADing the COUNTER and REGISTER 


The BCD I/O pins, the LOAD COUNTER (LC), and LOAD 
REGISTER (LR) pins combine to provide presetting and 
compare functions. LC and LR are three-level inputs, being 
self-biased at approximately 1%4Vpp for normal operation. 
With both LC and LR open, the BCD I/O pins provide a 
multiplexed BCD output of the latch contents, scanned from 
MSD to LSD by the display multiplex. 


When either the LOAD COUNTER (Pin 12) or LOAD 
REGISTER (Pin 11) is taken tow, the drivers are turned off 
and the BCD pins become high-impedance inputs. When LC 
is connected to Vpp, the count input is inhibited and the 
levels at the BCD pins are multiplexed into the counter. 
When LR is connected to Vpp, the levels at the BCD pins 
are multiplexed into the register without disturbing the coun- 
ter. When both are connected to Vpp, the count is inhibited 
and both register and counter will be loaded. 


The LOAD COUNTER and LOAD REGISTER inputs are 
edge-triggered, and pulsing them high for 500ns at room 
temperature will initiate a full sequence of data entry cycle 
operations (see Figure 9). When the circuit recognizes that 
either or both of the LC or LR pins input is high, the multi- 
plex oscillator and counter are reset (to D4). The internal 
oscillator is then disconnected from the SCAN pin and the 
preset circuitry is enabled. The oscillator starts and runs 
with a frequency determined by its internal capacitor, (which 
may vary from chip to chip). When the chip finishes a full 4 
digit multiplex cycle (loading each digit from D4 to D3 to D2 
to D1 in turn), it again samples the LOAD REGISTER and 
LOAD COUNTER inputs. If either or both is still high, it re- 
peats the load cycle, if both are floating or low, the oscillator 
is reconnected to the SCAN pin and the chip returns to 
‘normal operation. Total load time is digit “on” time multi- 
plied by 4. If the Digit outputs are used to strobe the BCD 
data into the BCD I/O inputs, the input must be synchroniz- 
ed to the appropriate digit (Figure 9). Input data must be 
valid at the trailing edge of the digit output. 


NOTE: All typical values have been characterized but are not tested. 
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When LR is connected to GROUND, the oscillator is in- 
hibited, the BCD I/O pins go to the high impedance state, 
and the segment and digit drivers are turned off. This allows 
the display to be used for other purposes and minimizes 
power consumption. In this display off condition, the circuit 
will continue to count, and the CARRY/BORROW, EQUAL, 
ZERO, UP/DOWN, RESET and STORE functions operate 
as normal. When LC is connected to ground, the BCD I/O 
pins are forced to the high impedance state without disturb- 
ing the counter or register. See “Control Input Definitions” 
(Table 2) for a list of the pins that function as three-state 
self-biased inputs and their respective operations. 


Note that the ICM7217 and 7217B have been designed to 
drive common anode displays. The BCD inputs are high 
true, as are the BCD outputs. 


The ICM7217A and the 7217C are used to drive common 
cathode displays, and the BCD inputs are low true. BCD 
outputs are high true. 


Notes on Thumbwheel Switches & 
Multiplexing 


As it was mentioned, the ICM7217 is basically designed 
to be used with thumbwheel switches for loading the data to 
the device. See Figures 11 and 14. 


The thumbwheel switches used with these circuits (both 
common anode and common cathode) are TRUE BCD coa- 
ed; i.e. all switches open corresponds to 0000. Since the 
thumbwheel switches are connected in parallel, diodes 
must be provided to prevent crosstalk between digits. In 
order to maintain reasonable noise margins, these diodes 
should be specified with low forward voltage drops (IN914). 
Similarly, if the BCD outputs are to be used, resistors should 
be inserted in the Digit lines to avoid loading problems. 


ICM7 217 


ICM7217 


ICM7217 


Table 2: Control Input Definitions ICM7217 


[input [Terminal | Voltage =| Function =— 


STORE Vpp (or floating) Output latches not updated 
V Output latches updated 
SET 


BCD port forced to Hi Z condition 


. ss 
UP/DOWN 10 Vop (or floating) Counter counts up 
Vss Counter counts down | 
RE 14 Vpp (or floating) Normal Operation 
Vss Counter Reset 
LOAD COUNTER/ Unconnected Normal operation 
I/O OFF Vpp Counter loaded with BCD data 
ae 


LOAD REGISTER/ 
OFF 


1 Unconnected Normal operation 
Register loaded with BCD data 
Display drivers disabled; BCD port 
forced to Hi Z condition, mpx counter 
reset to D4; mpx oscillator inhibited 
23 Common Anode 
20 Common Cathode 


DISPLAY CONTrol 


Unconnected 
Vpp 
Vss 


Normal Operation 
_ Segment drivers disabled 
Leading zero blanking inhibited 


Output and Input Restrictions 


LOAD COUNTER and LOAD REGISTER operations take 
1.6ms typical (6ms maximum) after LC or LR are released. 
During this load period the EQUAL and ZERO outputs are 
not valid (see Figure 9). Since the Counter and register are 
compared by XOR gates, loading the counter or register 
can cause erroneous glitches on the EQUAL and ZERO 
outputs when codes cross. 


LOAD COUNTER or LOAD REGISTER, and RESET input 
can not be activated at the same time or within a short 
period of each other. Operation of each input must be de- 
layed 1.6ms typical (5ms for guaranteed proper operation) 
relating to the preceding one. . 


Figure 7 


When using the circuit as a programmable divider (+ by n 
with equal outputs) a short time delay (about 1s) is needed 


Counter and register can be loaded together with the from the EQUAL output to the RESET input to establish a 
same value if LC and LR inputs become activated exactly at pulse of adequate duration. (See Figure 8) 
the same time. . 


Notice the setup and hold time of UP/DOWN input when Voo 
it is changing during counting operation. Violation of UP/ - 


DOWN hold time will result in incrementing or decrementing | 7 ee fe 
the counter by 1000, 100 or 10 where the preceding digit is EQUAL RESET 


transitioning from 5 to 6 or 6 to 5. 


The RESET input may be susceptible to noise if its input : 0354-18 
rise time is greater than about 500ps. This will present no Figure 8 
problems when this input is driven by active devices (i.e., ae 
TTL or CMOS logic) but in hardwired systems adding virtual- When the circuit is configured to reload the counter or 
ly any capacitance to the RESET input can cause trouble. A register with a new value from the BCD lines (upon reaching 
simple circuit which provides a reliable power-up reset and EQUAL), loading time will be digit “on” time multiplied by 
a fast rise time on the RESET input is shown on Figure 7. four. If this load time is longer than one period of the input 


count, a count can be lost. Since the circuit will retain data 
in the register, the register need only be updated when a 
new value is to be entered. RESET will not clear the regis- 
ter. 


NOTE: All typical values have been characterized but are not tested. 
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ICM7217 


ICM7217 
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(OR LOAD REGISTER) 4 OX oeetet stat revere e x ¥ wosetetotoretorons stetetetet, sees « eas Cems “mis em ei ‘oe ee) es a 


-GND 


COOOL OOO OOOO 

4000000000000 0 000s 
SCAN OOOO 

IIIA AAA 


D1 


INTERNAL *COUNT INHIBITED IF 
OPERATING LOAD COUNTER 


MODE 


ROOD KON 
BCD 1/0 BK NL) e's wes +. 
a os = «@ = HIGH IMPEDANCE 
= ~ ae THREE-STATE W PULLDOWN 


Figure 9: ICM7217 BCD I/O and Loading Timing 


TO 04 STROBE TO 01 STROBE TO D4 STROBE TO D1 STROBE 


IN914 OR 
EQUIVALENT 


TO BCD INPUTS OF 7217, 7217B TO BCD INPUTS OF 7217A, 7217C 
0354-20 


Note: If the BCD pins are to be used for outputs a 10k resistor should be placed in series with each digit line to avoid loading problems through the switches. 
Figure 10: Thumbwheel Switch/Diode Connections .. : 


NOTE: All typical values have been characterized but are not tested. 
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ICM 7217 


CMOS Inverter CMOS Inverter 
cp4069 1N4148 


1N4148 
INPUT [>o- > OUTPUT INPUT > 4 OUTPUT 
High _ High High Disconnected 
Low Disconnected Low Low 


CMOS Open Drain CMOS 3-State Buffer 
INPUT a CD74HCO3 ae is CD4502B a 


INPUT B 


Disconnected 
Disconnected 
Disconnected 


Disconnected 
Disconnected 
High 
Low 


Figure 11: Driving 3-Level Inputs of ICM7217 


NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS 


3-LEVEL INPUTS 


ICM7217 has three inputs with 3-level logic states; High, 
Low and Disconnected. These inputs are: LOAD REGIS- 
TER/OFF, LOAD COUNTER/I/O OFF and DISPLAY 
CONT. 


The circuits illustrated on Figure 11 can be used to drive 
these inputs in different applications. 


FIXED DECIMAL POINT 


In the common anode versions, a fixed decimal point may 
be activated by connecting the D.P. segment lead from the 
appropriate digit (with separate digit displays) through a 
392 series resistor to Ground. With common cathode de- 
vices, the D.P. segment lead should be connected through 
a 75© series resistor to Vpp. 


To force the device to display leading zeroes after a fixed 
decimal point, use a bipolar transistor and base resistor ina 
configuration like that shown below with the resistor con- 
nected to the digit output driving the D.P. for left hand D.P. 
displays, and to the next least significant digit output for 
right hand D.P. display. 


2N2219 
OR SIMILAR 


ICM7217 
1CM7217B 


SEGMENT 


DRIVE 2N6034 
OR SIMILAR 


Vss 


0354-23 
Common Anode Display 


ICM7217 


COMMON CATHODE 


0354-22 
Figure 12: Forcing Leading Zero Display 


DRIVING LARGER DISPLAYS 


For displays requiring more current than the ICM7217 can 
provide, the circuits of Figure 13 can be used. 


LCD DISPLAY INTERFACE 

The low-power operation of the ICM7217 makes an LCD 
interface desirable. The Harris ICM7211 4 digit BCD to LCD 
display driver easily interfaces to the ICM7217 as shown in 
Figure 14. Total system power consumption is less than 


5mW. System timing margins can be improved by using ca- 


pacitance to ground to slow down the BCD lines. 


The 10 — 20k? resistors on the switch BCD lines serve to 
isolate the switches during BCD output. 


SEGMENT 
DRIVE 


ICM7217A 
ICM7217C 


Common Cathode Display 


Figure 13: Driving High Current Displays 


NOTE: All typical values have been characterized but are not tested. 


ICM 7217 


ICM7217 


pa) em 
LUI 


UNIT COUNTER WITH BCD OUTPUT 


The simplest application of the ICM7217 is a 4 digit unit 
counter (Figure 15). All that is required is an ICM7217, a 
power supply and a 4 digit display. Add a momentary switch 
for reset, an SPDT center-off switch to blank the display or 
view leading zeroes, and one more SPDT switch for up/ 
down conirol. Using an ICM7217A with a common-cathode 
calculator-type display results in the least expensive digital 
counter/display system available. 


INEXPENSIVE FREQUENCY COUNTER/ 
TACHOMETER 


This circuit uses the low power ICM7555 (CMOS 555) to 
generate the gating, STORE and RESET signals as shown 
in Figure 16. To provide the gating signal, the timer is con- 
figured as an astable multivibrator, using Ra, Rg and C to 
provide an output that is positive for approximately one sec- 
ond and negative for approximately 300 — 500ys. The posi- 
tive waveform time is given by twp = 0.693 (Ra + Rg)C while 
the negative waveform is given by tyw,=0.693 ReC. The 
system is calibrated by using a 5M potentiometer for Ra 


as a ‘‘coarse” control and a 1k. potentiometer for Rg as a: 


fine’ control. CD40106B’s are used as a monostable multi- 
vibrator and reset time delay. 


TAPE RECORDER POSITION 
INDICATOR/CONTROLLER 

The circuit in Figure 17 shows an application which uses 
the up/down counting feature of the ICM7217 to keep track 
of tape position. This circuit is representative of the many 
applications of up/down counting in monitoring dimensional 
position. 


NOTE: All typical values have been characterized but are not tested. 


Figure 14: LCD Display Interface (with Thumbwheel Switches) 
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ICM7217 


1CM7217 
tJ 


10—20KN: 


In the tape recorder application, the LOAD REGISTER, 
EQUAL and ZERO outputs are used to control the recorder. 
To make the recorder stop at a particular point on the tape, 
the register can be set with the stop point and the EQUAL 
output used to stop the recorder either on fast forward, play 
or rewind. 

To make the recorder stop before the tape comes free of 
the reel on rewind, a leader should be used. Resetting the 
counter at the starting point of the tape, a few feet from the 
end of the leader, allows the ZERO output to be used to 
stop the recorder on rewind, leaving the leader on the reel. 

The 1MQ resistor and .0047F capacitor on the COUNT 
INPUT provide a time constant of about 5ms to debounce 
the reel switch. The Schmitt trigger on the COUNT INPUT of 
the ICM7217 squares up the signal before applying it to the 
counter. This technique may be used to debounce switch- 
closure inputs in other applications. 


PRECISION ELAPSED TIME/ 
COUNTDOWN TIMER 


The circuit in Figure 18 uses an ICM7213 precision one 
minute/one second timebase generator using a 4.1943MHz 
crystal for generating pulses counted by an ICM7217B. The 
thumbwheel switches allow a starting time to be entered 
into the counter for a preset-countdown type timer, and al- 
low the register to be set for compare functions. For in- 
stance, to make a 24-hour clock with BCD output the regis- 
ter can be preset with 2400 and the EQUAL output used to 
reset the counter. Note the 10k resistor connected between 
the LOAD COUNTER terminal and Ground. This resistor 
pulls the LOAD COUNTER input low when not loading, 
thereby inhibiting the BCD output drivers. This resistor 
should be eliminated and SW4 replaced with an SPDT cen- 
ter-off switch if the BCD outputs are to be used. 
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4 DIGITS 


Figure 15: Unit Counter 


Vop = 5 VOLTS 


INVERTERS: CD401068 
NANDS: CD4011B 


Figure 16: Inexpensive Frequency Counter 


NOTE: All typical values have been characterized but are not tested. 
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Figure 18: Precision Timer 


NOTE: All typical values have been characterized but are not tested. 
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8CO OUTPUTS 
HIGH ORDER ai 


UP/DOWN 
——t 


yr 


CARAY/BORROW 
BCD OUTPUTS 


ICM7217 


COMMON-ANODE 
LED DISPLAYS 


7 
SEGMENTS 


LOW OROER DIGITS 


Figure 19: 8 Digit Up/Down Counter 


This technique may be used on any 3-level input. The 
100k) pullup resistor on the count input is used to ensure 
proper logic voltage swing from the ICM7213. For a less 
expensive (and less accurate) timebase, an ICM7555 timer 
may be used in a configuration like that shown in Figure 16 
to generate a 1Hz reference. 


8-DIGIT UP/DOWN COUNTER 


This circuit (Figure 19) shows how to cascade counters 
and retain correct leading zero blanking. The NAND gate 
detects whether a digit is active since one of the two seg- 
ments a or b is active on any unblanked number. The flip 
flop is clocked by the least significant digit of the high order 
counter, and if this digit is not blanked, the Q output of the 
flip flop goes high and turns on the NPN transistor, thereby 
inhibiting leading zero blanking on the low order counter. 


It is possible to use separate thumbwheel switches for 
presetting, but since the devices load data with the oscilla- 
tor free-running, the multiplexing of the two devices is diffi- 
cult to synchronize. 


PRECISION FREQUENCY COUNTER/ 
TACHOMETER 


The circuit shown in Figure 20 is a simple implementation 
of a four digit frequency counter, using an ICM7207A to 
provide the one second gating window and the STORE and 
RESET signals. In this configuration, the display reads hertz 


NOTE: All typical values have been characterized but are not tested. 
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directly. With Pin 11 of the ICM7027A connected to Vpp, 
the gating time will be 0.1 second; this will display tens of 
hertz at the least significant digit. For shorter gating times, 
an ICM7207 may be used (with a 6.5536MHz crystal), giving 
a 0.01 second gating with Pin 11 connected to Vpp, and a 
0.1 second gating with Pin 11 open. 


To implement a four digit tachometer, the ICM7207A with 
one second gating should be used. To get the display to 
read directly in RPM, the rotational frequency of the object 
to be measured must be multiplied by 60. This can be done 
electronically using a phase-locked loop, or mechanically by 
using a disc rotating with the object with the appropriate 
number of holes drilled around its edge to interrupt the light 
from an LED to a photo-dector. For faster updating, use 0.1 
second gating, and multiply the rotational frequency by 600. 


AUTO-TARE SYSTEW 


This circuit uses the count-up and count-down functions 
of the ICM7217, controlled via the EQUAL and ZERO out- 
puts, to count in SYNC with an ICL7109 A/D Converter as 
shown in Figure 21. By RESETing the ICM7217 on a “tare” 
value conversion, and STORE-ing the result of a true value 
conversion, an automatic tare subtraction occurs in the re- 
sult. 

The ICM7217 stays in step with the ICL7109 by counting 
up and down between 0 and 4095, for 8192 total counts, 
the same number as the ICL7109 cycle. See applications 
note #A047 for more details. 


ICM7217 


ICM7217 


ICM7217 


COMMON-ANODE 
LED DISPLAY 


4 DIGITS y 


CRYSTAL 
{ §.24288 MHz 
Rs- 751) 


INPUT o 


Figure 20: Precision Frequency Counter (MHz Maximum) 


1 CARRY/BORROW 


1CL7109 


RUN/HOLD 26 
BUF OSC OUT 25 11 LOAD REG. 
OSC SEL 24 
OSC OUT 23 12 LOAD CTR. 
OSC IN 22 13 SCAN 


MODE 21 14 RESET 
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Figure 21: Auto-Tare System for A/D Converter 


NOTE: All typical values have been characterized but are not tested. 


11-58 


RIS 


SEMICONOUCTOR 


GD 


GENERAL DESCRIPTION 

The ICM7224 device is a high-performance CMOS 
4¥%2-digit counter, including decoder, output latch, 
display driver, count inhibit, leading zero blanking, and 
reset circuitry. 


The counter section provides direct static counting, guar- 
anteed from DC to 15 MHz, using a 5V +10% supply over 
the operating temperature range. At normal ambient tem- 
peratures, the devices will typically count up to 25 MHz. The 
COUNT input is provided with a Schmitt trigger to allow op- 
eration in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET inputs allow a direct interface with the ICM7207/A 
to implement a low cost, low power frequency counter with 
a minimum component count. 

These devices also incorporate several features intended 
to simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane driv- 
er of the LCD devices may be disabled, allowing the seg- 
ments to be slaved to another backplane signal, necessary 
when using an eight or twelve digit, single backplane dis- 
play. 

These devices provide maximum count of 19999. The dis- 
play drivers are not of the multiplexed type and each display 
segment has its own individual drive pin, providing high 
quality display outputs. The |CM7224 drives LCD displays. 

The ICM7224 is packaged in a standard 40-pin 
dual-in-line plastic or CERDIP package, or in dice. 


ORDERING INFORMATION 


Part Temperature 
Number Range Package 
ICM7224IPL -25°C to+85°9C | 40 Pin Plastic DIP 
ICM72241JL -259C to+859C | 40 Pin CERDIP 


ICL7224RIPL* | -25°C to+85°9C | 40 Pin Plastic DIP 


* “R” indicates device with reversed leads configuration. 


ICM 7224 
41,-Digit LCD 
Display Counter 


FEATURES 


® High Frequency Counting — Guaranteed 15MHz, 
Typically 25MHz at 5V 

® Low Power Operation — Typically Less Than 100,,W 
Quiescent 

© STORE and RESET Inputs Permit Operation as 
Frequency or Period Counter 

® True COUNT INHIBIT Disables First Counter Stage 

© CARRY Output for Cascading Four-Digit Blocks 

© Schmitt-Trigger On The COUNT Input Allows 
Operation in Noisy Environments or With Slowly 
Changing Inputs 

© Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking With Cascaded Devices 

© LCD Devices Provide Complete Onboard Oscillator 


and Divider Chain to Generate Backplane Frequency, 


or Backplane Driver May Be Disabled Allowing 
Segments to be Slaved to A Master Backplane Signal 


1CM7224 Direct Drive LCD 


Figure 1: Pin Configuration 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 
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1CM7224, LCD Display 
LSD 
DIGIT 1 DIGIT 2 DIGIT 3 DIGIT 4 
SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 
7 WIDE DRIVER 7 WIDE DRIVER 


7 WIDE LATCH | 7 WIDE LATCH 7 WIDE LATCH 


STORE 7 WIDE LATCH 


LEADING 
ZERO | 
BLANKING DECODER DECODER ; DECODER 
OUTPUT T T 7 
Q CL Q F Qk ic 
is + + + + 
count_| scumimt LJ, ‘ : . Pi : , m : . 
TRIGGER R ‘ . 5 ry" : : 


e 
cones 


OSCILLATOR ,' 
INPUT 
OSCILLATOR #124 


ENABLE | 
DETECTOR 


DECODER 


BACKPLANE 
DRIVER 


ENABLE 


1CM7225, LED Display 
LSD 
DIGIT 1 DIGIT 2 DIGIT 3 DIGIT 4 


SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 


LEEELU CoO, | Toor 


STORE 7 WIDE LATCH 7 WIDE LATCH | 7 WIDE LATCH 


LEADING 
= DECODER 


NOTE: All typical values have been characterized but are not tested. 


DECODER | DECODER 


1 7 WIDE DRIVER 


7 WIDE LATCH 


Figure 2: Functional Diagrams 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vpp—Vss) ......-.- eee cee cence 6.5V Operating Temperature Range ......... — 25°C to + 85°C 
Input Voltage (Any | Storage Temperature Range .......... —65°C to + 150°C 
Terminal) (Note 2) ......... (Vpp + 0.3V) to (Vss —0.3V) Lead Temperature (Soldering, 10sec) ............. 300°C 


Power Dissipation (Note 1) ................ 0.5W @ 70°C 
NOTE 1: This limit refers to that of the package and will not be obtained during normal operation. 


2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vpp or less than Vsg may cause destructive 
device latchup. For this reason, it is recommended that no inputs from sources operating on a different power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7224/!CM7225 be turned on first. 


NOTE: Stresses above those listed under “Absolute Maximum Ratings”’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the, operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS = (Vpp=5V, Vss= OV, Ta= 25°C, unless otherwise indicated) 
ICM7224 CHARACTERISTICS 


SYMBOL PARAMETER TESTCONDITIONS | MIN | 
| Ipp Operating current Test circuit, Display blank a 10 


Operating supply voltage range (Vpp — Vss) eee att 
loscl__| OSCILLATOR input current | Pins6 (si 

| tate | Segmentrise/talitime | Cioag=2000F | 
| tate | BackPlanerise/talltime | Chong =8000RF_ | 
bees 


Oscillator frequency Pin 36 Floating 
Backplane frequency Pin 36 Floating 


ICM7225 CHARACTERISTICS 


Half-digit on current 


FAMILY CHARACTERISTICS 
|SYMBOL | PARAMETER | TESTCONDITIONS | MIN 
Rime [ees 
Pullup Currents Vin=Vpp — 3V 
| InputHigh Voltage | Pins 29,31,93,34 | 
|InputLow Voltage | Pins 29,31,93,94 | | ty 
aie ee 


0 


COUNT Input Threshold 


eas 
COUNT Input Hysteresis rere ae 


CARRY Pin 28 
a a a Leading Zero Blanking OUT Pin 30 


Vout=Vpp—3V 


Output Low Current CARRY Pin 28 500 
: Leading Zero Blanking OUT Pin 30 
Vout= + 3V 


| fount | CountFrequency | 4.8V<Vpp<ev | 
|_tsta | STORE,RESET MinimumPulsewidth | Ts 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


7224 OPERATING SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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7225 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 
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7225 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 


0355-7 


<= 
° 


SEGMENT CURRENT (mA) 


BRIGHTNESS CONTROL VOLTAGE 


0355-9 


NOTE: Ail typical values have been characterized but are not tested. 
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7225 LED SEGMENT CURRENT ASA 
FUNCTION OF OUTPUT VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (continued) 


SUPPLY CURRENT AS A 
FUNCTION OF COUNT FREQUENCY 
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TABLE I: Control Input Definitions 


INPUT TERMINAL VOLTAGE FUNCTION 

Leading Zero Blanking Vpp ; oo Leading Zero Blanking Enabled 
INput Leading Zeroes Displayed 

Vop : ain Counter Enabled 

Vpp or Sarre Inactive _ 

Vss Counter Reset to 0000 
Vpp re Output Latches not Updated 
Output Latches Updated 


allows the use of displays with characters in multiples of 
CONTROL INPUT DEFINITIONS four and a single backplane. A slave device will represent a 
In Table 1, Vpp and Vsgg are considered to be normal load of approximately 200pF (comparable to one additional 
operating input logic levels. Actual input low and high levels segment). The limitation on the number of devices that can 
are specified in the Operating Characteristics. For lowest be slaved to one master device backplane driver is the addi- 
power consumption, input signals should swing over the full tional load represented by the larger backplane of displays 
supply. of more than four digits, and the effect of that load on the 
backplane rise and fall times. A good rule of thumb to ob- 
DETAILED DESCRIPTION serve in order to minimize power consumption, is to keep 
j . the rise and fall times less than about 5 microseconds. The 
LCD Device ; is backplane driver of one device should handle the back- 
The LCD device provides outputs suitable for driving con- plane to a display of 16 one-half-inch characters without the 
ventional 4'/-digit by seven segment LCD displays. They rise and fall times exceeding 5ys (ie, 3 slave devices and 
include 29 individual segment drivers, a backplane driver, the display backplane driven by a fourth master device). It is 
and a self-contained oscillator and divider chain to generate recommended that if more than four devices are to be 
the backplane frequency (See Figure 4). slaved together, that the backplane signal be derived exter- 
The segment and backplane drivers each consist of a nally and all the ICM7224 devices be slaved to it. 
CMOS inverter, with the n- and p-channel devices ratioed to This external backplane signal should be capable of driv- 
provide identical on resistances, and thus equal rise and fall ing very large capacitive loads with short (1-2) rise and 
times. This eliminates any D.C. component which could fall times. The maximum frequency for a backplane signal 
arise from differing rise and fall times, and ensures maxi- should be about 150Hz, although this may be too fast for 
mum display life. optimum display response at lower display temperatures, 
The backplane output can be disabled by connecting the depending on the display used. 
OSCILLATOR input (pin 36) to Vss. This synchronizes the The onboard oscillator is designed to free run at approxi- 
29 segment outputs directly with a signal input at the BP mately 19kHz, at microampere power levels. The oscillator 
terminal (pin 5) and allows cascading of several slave devic- frequency is divided by 128 to provide the backplane fre- 
es to the backplane output of one master device. The back- quency, which will be approximately 150Hz with the oscilla- 


plane may also be derived from an external source. This 


NOTE: All typical values have been characterized but are not tested. 
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tor free-running. The oscillator frequency may be reduced 
by connecting an external capacitor between the OSCillator 
terminal (pin 36) and Vpp; see the plot of oscillator/back- 
plane frequency in ‘‘Typical Characteristics” for detailed in- 
formation. 


The oscillator may also be overdriven if desired, although 
care must be taken to insure that the backplane driver is not 
disabled during the negative portion of the overdriving sig- 
nal (which could cause a D.C. component to the display). 
This can be done by driving the OSCILLATOR input be- 
tween the positive supply and a level out of the range where 
the backplane disable is sensed, about one fifth of the sup- 
ply voltage above the negative supply. Another technique 
for overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal 
such that the negative portion has a duration shorter than 
about one microsecond. The backplane disable sensing cir- 
cuit will not respond to signals of this duration. 


LED Device 


The LED device provides outputs suitable for directly driv- 
ing 414-digit by seven segment common-anode LED dis- 
plays. They include 28 individual segment drivers and one 
half-digit driver, each consisting of a low-leakage current- 
controlled open-drain n-channel transistor. 


The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for ‘‘on” segments, and thus directly modulates the 
transistor’s “‘on’’ resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 3. The potenti- 
ometer should be a high value (100k to 1M) to minimize 
power consumption, which can be significant when the dis- 
play is off. 


The BRighTness input may aise be operated digitally as a 
display enable; when at Vpp, the display is fully on, and at 
Vss, fully off. The display brightness may also be controlled 
by varying the duty cycle of a signal swinging between the 
two supplies at the BRighTness input. 


Note that the LED devices have two connections for Vss; 
both should be connected. The double connection is neces- 
sary to minimize effects of bond wire resistance with the 
large total display currents possible. 


When operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera- 
tures. The maximum power dissipation is 1 watt at 25°C, 
derated linearly above 35°C to 500mW at 70°C (15mW/°C 
above 35°C). Power dissipation for the device is given by: 


P=(Vpp — VFLep) X (lseq) x (NsEq) 
where Ve_Ep is the LED forward voltage drop, Isgg is seg- 
ment current, and ngggq is the number of “ON” segments. It 
is recommended that if the device is to be operated at ele- 
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 


NOTE: All typical values have been characterized but are not tested. 
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Vpp (LED ANODES) 


BRIGHTNESS 


100k 1-900) PIN 5 (7225) 


Figure 3: Brightness Control 


COUNTER SECTION 


The devices in the 1CM7224/ICM7225 family implement a 
four-digit ripple carry resettable counter, including a Schmitt 
trigger on the COUNT input and a CARRY output. Also in- 
cluded is an extra D-type flip-flop, clocked by the CARRY 
signal which controls the half-digit segment driver. This out- 
put driver can be used as either a true half-digit or as an 
overflow indicator. The counter will increment on the nega- 
tive-going edge of the signal at the COUNT input, while the 
CARRY output provides a negative-going edge following the 
count which increments the counter from 9999 to 10000. 
Once the half-digit flip-flop has been clocked, it can only be 
reset (with the rest of the counter) by a negative level at the 
RESET terminal, pin 33. However, the four decades will 
continue to count in a normal fashion after the half-digit is 
set, and subsequent CARRY outputs will not be affected. 


A negative level at the COUNT INHIBIT input disables the 
first divide-by-two in the counter chain without affecting its 
clock. This provides a true inhibit, not sensitive to the state 
of the COUNT input, which prevents false counts that can 
result from using a normal logic gate to prevent counting. 


Each decade of the counter directly drives a four-to-sev- 
en segment decoder which develops the required output 
data. The output data is latched at the driver. When the 
STORE pin is low, these latches are updated, and when it is 
high or floating, the latches hold their contents. 


The decoders also include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking !Nput is floating or at a positive level, this circuitry 
is enabled and the device will blank leading zeroes. When it 
is low, or the half-digit is set, leading zero blanking is inhibit- 
ed, and zeroes in the four digits will be displayed. The Lead- 
ing Zero Blanking OUTput is provided to allow cascaded 
devices to blank leading zeroes correctly. This output will 
assume a positive level only when all four digits are 
blanked; this can only occur when the Leading Zero Blank- 
ing INput is at a positive level and the half-digit is not set. 


For example, in an eight-decade counter with overflow 
using two ICM7224/ICM7225 devices, the Leading Zero 
Blanking OUTput of the high order digit would be connected 
to the Leading Zero Blanking INput of the low order digit 
device. This will assure correct leading zero blanking for all 
eight digits. 


The STORE, RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with pullup devices, so that 
they may be left open when a positive level is desired. The 
CARRY and Leading Zero Blanking OUTputs are suitable 
for interfacing to CMOS logic in general, and are specifically 
designed to allow cascading of ICM7224 to ICM7225 devic- 
es in four-digit blocks. 


OSCILLATOR 
FREQUENCY 


|}+-—__— 428 CYCLES S| 
BACKPLANE 
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-— 64 CYCLES 64 CYCLES —| 
OFF SEGMENTS 


ON SEGMENTS | | 


0355-13 
Figure 4: ICM7224 Display Waveforms 


EACH SEGMENT TO 
BACKPLANE WITH 
200 pF CAPACITOR 


Figure 5: Test Circuit 


APPLICATIONS 


Figures 7 and 8 show two typical applications for 
ICM7224/25 devices. 


In Figure 7 an ICM7225, LED display and a few passive 
components form a unit counter. The device counts and 
totals the input pulses. Since the STORE input is tied to Vss 
the display simultaneously updates the counts. The circuit 
has switches for pause operation, leading zero blanking 
control, and a pushbutton for resetting the counter. 


Figure 8 shows an 8-digit precision frequency counter. 
The circuit uses two ICM7224s cascaded to provide an 
8-digit display. Backplane output of the second device is 
disabled and is driven by the first device. The 1 digit 


NOTE: All typical values have been charactenzed but are not tested. 
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0355-17 
Figure 7: Typical Application (Unit Counter) 


output of the second device is used for overflow indication. 
The input signal is fed to the first device and the COUNT 
input of the second is driven by the CARRY output of the 
first. Notice that leading zero blanking is controlled on the 
second device and the LZB OUT of the second one is tied 
to LZB IN of the first one. An ICM7207A device is used as a 
timebase generator and frequency counter controller. It 
generates count window, store and reset signals which are 
directly compatible with ICM7224 inputs (notice the need for 
an inverter at COUNT INHIBIT input). The ICM7207A pro- 
vides two count window signals (1s and 0.1s gating) for dis- 
playing frequencies in Hz or tens of Hz (< 10 Hz). 
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0355-19 
Figure 8: Eight-Digit Precision Frequency Counter 


NOTE: All typical values have been characterized but are not tested. 


11-66 


GENERAL DESCRIPTION 


The ICM7226 is a fully integrated Universal Counter and 
LED display driver. It combines a high frequency oscillator, 
a decade timebase counter, an 8 decade data counter and 
latches, a 7 segment decoder, digit multiplexer, and seg- 
ment and digit drivers which can directly drive large LED 
displays. The counter inputs accept a maximum frequency 
of 10 MHz in frequency and unit counter modes and 
2 MHz in the other modes. Both inputs are digital inputs. In 
many applications, amplification and level-shifting will be re- 
quired to obtain proper digital signals for. these inputs. 


The ICM7226 can function as a frequency counter, period. 
counter, frequency ratio (fa/fg) counter, time interval coun- . 


ter or a totalizing counter. The devices require either a 
10 MHz or 1:MHz crystal timebase, or if desired an external 


timebase can also be used. For period and time interval, . 


the 10 MHz timebase gives a 0.1s resolution. In period 
average and time interval average, the resolution can be 
in the nanosecond range. In the frequency mode, the user 
can select accumulation time of 10ms, 100ms, 1s and 10s. 
With a 10s accumulation time, the frequency can be dis- 
played to a resolution of 0.1 Hz. There is a 0.2s interval 
between measurements in all ranges. Control signals are 
provided to enable gating and storing of prescaler data. 


Leading zero blanking has been incorporated with fre- 
quency display in KHz and time in ys. The display is multi- 
plexed at a 500 Hz rate with a 12.2% duty cycle for each 
digit. The ICM7226A is designed for common anode dis- 
plays with typical peak segment currents of 25 mA, and the 
ICM7226B is designed for common cathode displays with 
typical segment currents of 12 mA. In the display off mode, 
both digit drivers & segment drivers are turned off, allowing 
the display to be used for other functions. 


CONTROL INZJ1 0 
INPUT BEY 2 
MEAS IN PROGRESS CJ 3 
FUNCTION Cy 4 


40 LJINPUT A 
38 CL JBUFF OSC OUT 


36 CJOSC OUT 
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31,—CJEXT RANGE 
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ICM7226A/B 
8—Digit Multi-Function 
Frequency Counter/Timer 


FEATURES 


® CMOS Design for Very Low Power 


© Output Drivers Directly Drive Both Digits and 
Segments of Large 8 Digit LED Displays. Both 
Common Anode and Common Cathode Versions Are 
Available 


@ Measures Frequencies From DC to 10 MHz; Periods 
From 0.5:s to 10s _ 

© Stable High Frequency Oscillator Uses Either 1 MHz 
or 10 MHz Crystal 

® Control Signals Available for External Systems 
Interfacing 


_ © Multiplexed BCD Outputs 


APPLICATIONS 


© Frequency Counter 

® Period Counter 

© Unit Counter 

® Frequency Ratio Counter 
© Time Interval Counter 


ORDERING INFORMATION 


Part Temperature 
ICM7226AlUL | —25°C to 85°C | 40 pin CERDIP 
ICM7226BIPL | —25°C to 85°C | 40 pin PLASTIC DIP 


CONTROL INLGto 40 JINPUT A 
INPUT BE 2 
MEAS IN PROGRESS J 3 


FUNCTION 4 


38 LJ BUFF OSC OUT 


36 LJOSC OUT 
35 [J OSC IN 


33 (CJEXT OSC IN 
(CM72268 32 f-JRST OUT 


RST INC919 
EXT DP INI 20 


Common Cathode 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Maximum Supply Voltage (Vpp—Vss) ....-.-...---- 6.5V 
Maximum Digit Output Current .................. 400 mA 
Maximum Segment Output Current ............... 60 mA 


Voltage on any Input or Output Terminal (Note 1) ......... 
(Vss —0.3V) to (Vpp + 0.3V) 
Maximum Power Dissipation at 70°C (Note 2) 


ICM 220A ah iarsthen gae ats epee neue ce wees aes 1.0W 
IOM i 220 tee coad el terest Se aeeeetors ve wee 0.5W 
Operating Temperature Range ......... — 25°C to + 85°C 
Storage Temperature Range .......... —55°C to + 125°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


ICM7226A/B 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


*Note 1: Destructive latchup may occur if input signals are applied before the power supply is established or if inputs or outputs are forced to voltages exceeding 


Vop or Vsg by 0.3V. 


2: Assumes all leads soldered or welded to PC board and free air flow. 
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Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Vop = 5.0V, Ta = 25°C, unless otherwise specified.) 


[Symbol | Parameter TestGonditions__[ win | Typ | Max | Unite | 


Operating Supply Display Off 

Current Unused inputs to Vss 2 mA 
Minimum Separation — 25°C <T, <85°C 

Input resistance to Vss 

PIN 31 Vin= +1.0V 


VsuppLy | Supply Voltage Range Vpp—-Vss —25°C<Tp<85°C 
4.75 V 
Input A to Input B 4.75V <Vpp <6.0V 
100 
50 
Output Current 
PINS 3,5,6,7,17,18,32,38 VoL_= +0.4V 00 
17,18, : 00 
65 


Maximum Guaranteed Frequency 
Input A, Pin 40 


MHz 


Maximum Frequency 
Input B, Pin 2 


4.75V <Vpp <6.0V Figure 3 
Function = Frequency, 
Ratio, Unit Counter 
Multiplex Frequency fosc = 10 MHz 
a Time Between Measurements fosc = 10 MHz 
dVjn/ dt Input Rate of Charge Inputs A, B 


—25°C<T,<85°C 
Function = Period, Time Interval 
Oscillator Transconductance Vpp = 4.75V 2000 
Ta= + 85°C 
~ INPUT VOLTAGES 
VIL 


— 25°C <Tp <85°C 
4.75V <Vpp <6.0V 
PINS 2, 19, 33, 39, 40, 35 
input low voltage —28°C<Ta<+85°C 


Figure 4 
Input resistance to Vpp 
PINS 19,33 Vin=Vpp —1.0V 


Input A, Input B 
Frequency at fyax 
10 14 
2.5 
Time Interval Function Figure 11 
fosc Osc. freq. and ext. osc. — 25°C <T,<85°C 10 
freq. (minimum ext. osc. freq.) 4.75V <Vpp <6.0V (0.1) 
: 4 
PINS 3,38 VoH= Vop—0.8V 


ICM7226A 
PINS 22,23,24,26,27,28,29,30 
DIGIT DRIVER 
high output current 


Vo=Vpp —2.0V 


low output current Vo= +1.0V Ss —0.3 
SEGMENT DRIVER 
PINS 8,9,10,11,13,14,15,16 


low output current 


Vo= +1.5V 


Vo=Vpp-— 1.0V 


high output current 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS  (vpp=5.0V, Ta=25°C, unless otherwise specified.) (Continued) 


| Symbol | __—Parameter__— | TestConditions | Min | Typ | Max | Units 


MULTIPLEX INPUTS 
PINS 1,4,20,21 
input low voltage 


input high voltage 


input resistance to Vss 


ICM7226B 
DIGIT DRIVER 
PINS 8,9,10,11,13,14,15,16 
low output current 


high output current 

SEGMENT DRIVER 

PINS 22,23,24,26,27,28,29,30 
high output current 


leakage current 


MULTIPLEX INPUTS 
PINS 1,4,20,21 
input low voltage 


input high voltage 


input resistance to Vpp 


- NOTE: Typical values are not tested. 


TYPICAL PERFORMANCE CHARACTERISTICS 


fa (max) FREQUENCY UNIT COUNTER, 
FREQUENCY RATIO MODES 


16 


ad 
So 


fa (mex) fa (max) PERIOD, 
TIME INTERVAL MODES 


FREQUENCY (MHz) 


on 


Vop — Vss (VOLTS) 


0356-28 


fa(max), fg(max) as a Function of Supply Voltage 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


ICM7226A Typical Ipic 


ICM7226B Typical Iseg vs 
VS Vpp — VouT, 4-5 < Vpp < 6.0V 
300 


Vpp — Vourt,.4-5 < Vpp < 6.0V 
3 


i g 
° 
3 x 
% ? 2 3 
Vo — Vour (VOLTS) 0356-29 Vpp Your (¥Obrs) 0356-30 
ICM7226A Typical Iseg vs — Vout ICM7226B Typical Ipigit vs — Vout 
200 
150 
Z é 
£E = 
é = 100 
5 2 
50 
0 
200 
150 
= 
E = 100 
3 3 
50 
Aon : 
95 
Vout (VOLTS) 0356-33 0356-34 


NOTE: All typical values have been characterized but are not tested. 
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COUNTED MEASURED 


4 TRANSITIONS INTERVAL 


50 ns MIN 


t, * ty = 10 nsec 
t, = ty * 10 nsec 
0356-8 
0356-7 Figure 4: Waveform for Guaranteed 
Figure 3: Waveform for Guaranteed Minimum fg(max) and fa(max) for 
Minimum fa(max) Function = Frequency, Function = Period and Time Interval 
Frequency Ratio, Unit Counter 
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LED overflow indicator connections: 
Overflow will be indicated on the decimal point output of digit 8. 
| CATHODE ANODE 
ICM7226A d.p. Dg 
ICM7226B Dg d.p. 
Figure 6: Segment Identification and Display Font 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 
INPUTS A & B 


The signal to be measured is applied to INPUT A in fre- 
quency period, unit counter, frequency ratio and time 
interval modes. The other input signal to be measured is 
applied to INPUT B in frequency ratio and time interval. 
fa should be higher than fg during frequency ratio. 


Both inputs are digital inputs with a typical switching 
threshold of 2.0V at Vpp=5.0V and input impedance of 
250 kQ. For optimum performance, the peak to peak input 
signal should be at least 50% of the supply voltage and 
centered about the switching voltage. When these inputs 
are being driven from TTL logic, it is desirable to use a pull- 
up resistor. The circuit counts high to low transitions at both 
inputs. 

Note that the amplitude of the input should not exceed the 
device supply (above the Vpp and below the Vss) by more 
than 0.3V, otherwise the device may be damaged. 


MULTIPLEXED INPUTS 


The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL POINT inputs are time multiplexed to select the 
function desired. This is achieved by connecting the appro- 
priate digit driver output to the inputs. The function, range 
and control inputs must be stable during the last half of 
each digit output, (typically 125s). The multiplex inputs are 
active high for the common anode ICM7226A, and active 
low for the common cathode ICM7226B. 


Noise on the multiplex inputs can cause improper opera- 
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10 k©. resistor should be placed in series with the multiplex 
inputs as shown in the application notes. 


Table 1 shows the functions selected by each digit for 
these inputs. 


Table 1: Multiple Input Control 


Frequency Ratio 
Time Interval 
Unit Counter 
Oscillator Frequency 


0.01 Sec/1 Cycle 
0.1 Sec/10 Cycles 
1 Sec/100 Cycles 
10 Sec/1k Cycles 
Enable External Range 
Input 


Display Off 
Display Test 

1 MHz Select 

External Oscillator Enable 
External Decimal Point 
Enable 


EXTERNAL DECIMAL|Decimal Point is Output for Same 
POINT INPUT, PIN 20 |Digit That is Connected to This Input 


CONTROL INPUT 
PIN 1 


NOTE: All typical values have been characterized but are not tested. 
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FUNCTION INPUT 


The ICM7226 has six modes of operation to be selected 
by FUNCTION input. These are: Frequency, Period, Fre- 
quency Ratio, Time Interval, Unit Counter and Oscillator 
Frequency. 


The implementation of different functions is done by rout- 
ing the different signals to two counters, called ‘‘Main Coun- 
ter” and ‘Reference Counter’. A simplified block diagram 
of the device for functions realization is shown in Figure 7. 
Table 2 shows which signals will be routed to each counter 
in different cases. The output of the Main Counter is the 
information which goes to the display. The Reference Coun- 
ter divides its input to 1, 10, 100 and 1000. One of these 
outputs will be selected through the range selector and 
drive the enable input of the Main Counter. This means that 
the Reference Counter, along with its’ associated blocks, 
directs the Main Counter to begin counting and determines 
the length of the counting period. Note that Figure 7 does 
not show the complete functional diagram (See Figure 1). 
After the end of each counting period, the output of the 
Main Counter will be latched and displayed, then the coun- 
ter will be reset and a new measurement cycle will begin. 
Any change in the FUNCTION INPUT will stop the present 
measurement without updating the display and then initiate 
anew measurement. This prevents an erroneous first read- 
ing after the FUNCTION INPUT is changed. In all cases, the 
1 — 0 transitions are counted or timed. 


Table 2: Input Routing 
j_Funcion | wsincountr | Reference 
Counter 
100 Hz (Oscillator 
Frequency (fa) Input A | = 405 104) 


Period (ta) Oscillator Input A 

Ratio (fa/fp) Input A Input B 

(A — B) InputB 

Ose Hed: Oscillator 

(fosc) 
Counter for a precise period of time. This time is determined 
by the time base oscillator and the selected range. For the 
and 0.1 Hz. The decimal point on the display is set for kHz 
reading. 


Not Applicable 


100 Hz (Oscillator 
+ 105 or 104) 


Time Interval Oscillator | Input A 

(Count A) 

Frequency—lIn this mode input A is counted by the Main 
10 MHz (or 1 MHz) timebase, the resolutions are 100, 10, 1 


iICM7226A/B 


ICM7226A/B 


INTERNAL CONTROL 


100 Hz 
INPUT A 
INPUT B 


INPUT 
SELECTOR 


INTERNAL CONTROL 


INTERNAL CONTROL 


INTERNAL OR 

EXTERNAL 
OSCILLATOR INPUT 

SELECTOR 


INPUT A 


ICM7226A/B 


INTERNAL CONTROL 


CLOCK 
REFERENCE COUNTER 


+1000 


RANGE SELECTOR 


ENABLE 
CLOCK 


MAIN COUNTER 


Figure 7: Simplified Block Diagram of Functions Implementation 


Period—In this mode the timebase oscillator is counted 
by the Main counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input A. A 10 MHz 
timebase gives resolutions of 0.1s to 0.0001s for 1000 
periods averaging. Note that the maximum input frequency 
for period measurement is 2.5 MHz. . 


Frequency Ratio—!n this mode the input A is counted by 
the Main Counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input B. The fre- 
quency at input A should be higher than input B for mean- 
ingful result. The result in this case is unitless and its resolu- 
tions can go up to 3 digits after decimal point. 


Time Interval—In this mode, the timebase oscillator is 
counted by the Main Counter for the duration of a1 — 0 
transition of input A untila 1 — 0 transition of input B. This 
means input A starts the counting and input B stops it. If 
other ranges, except 0.01 s/1 cycle are selected the se- 
quence of input A and B transitions must happen 10, 100 or 
1000 times until the display becomes updated; note this 
when measuring long time intervals to give enough time for 
measurement completion. The resolution in this mode is the 
same as for period measurement. See the Time Interval 
Measurement section also. 


Unit Counter—in this mode the Main Counter is always 
enabled, the input A is counted by the Main Counter and 
displayed continuously. 


Oscillator Frequency—in this mode the device makes a 
frequency measurement on its timebase. This is a self test 
mode for device functionality check. For 10 MHz timebase 
the display will show 10000.0, 10000.00, 10000.000 and 
Overflow in different ranges. 


RANGE Input 


The RANGE input selects whether the measurement peri- 
od is made for 1, 10, 100 or 1000 counts of the Reference 
Counter or it is controlled by EXT RANGE input. As it is 
shown in Table 1, this gives different counting windows for 
frequency measurement and various cycles for other modes 
of measurement. 


NOTE: All typical values have been characterized but are not tested. 
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In all functional modes except Unit Counter any change in 
the RANGE INPUT will stop the present measurement with- 
out updating the display and then initiate a new measure- 
ment. This prevents an erroneous first reading after the 
RANGE INPUT is changed. 


CONTROL Input 


Unlike the other multiplexed inputs, to which only one of 
the digit outputs can be connected at a time, this input can 
be tied to different digit lines to select combination of con- 
trols. In this case, isolation diodes must be used in digit 
lines to avoid crosstalk between them (see Figure 5). The 
direction of diodes depends on the device version, common 
anode or common cathode. For maximum noise immunity at 
this input, in addition to the 10k resistor which was men- 
tioned before, a 39 pF to 100 pF capacitor should also be 
placed between this input and the Vpp or Vss (See Figure 
5). 

Display Off—To disable the display drivers, it is neces- 
sary to tie the D4 line to the CONTROL INPUT and have the 
HOLD input at Vpp. While in Display Off mode, the seg- 
ments and digit drivers are all off, leaving the display lines 
floating, so the display can be shared with other devices. In 
this mode, the oscillator continues to run with a typical sup- 
ply current of 1.5 mA with a 10 MHz crystal, but no mea- 
surements are made and multiplexed inputs are inactive. A 
new measurement cycle will be initiated when the HOLD 
input is switched to Vss. 


Display Test —Display will turn on with all the digits 
showing 8s and all decimal points also on. The display will 
be blanked if Display Off is selected at the same time. 


1 MHz Select—The 1 MHz select mode allows use of a 1 
MHz crystal with the same digit multiplex rate and time be- 
tween measurements as with a 10 MHz crystal. This is done 
by dividing the oscillator frequency by 104 rather than 105. 
The decimal point is also shifted one digit to the right in 
period and time interval, since the least significant digit will 
be in ps increment rather than 0.1.s increment. 


External Oscillator Enable—In this mode, the signal at | 


EXT OSC INPUT is used as a timebase instead of the on- 
board crystal oscillator (built around the OSC INPUT, OSC 
OUTPUT inputs). This input can be used for an external 
stable temperature compensated crystal oscillator or for 
special measurements with any external source. The on- 
board crystal oscillator continues to work when the external 
oscillator is selected. This is necessary to avoid hang-up 
problems, and has no effect on the chip’s functional opera- 
tion. If the on-board oscillator frequency is less than 1 MHz 
or only the external oscillator is used, THE OSC INPUT 
MUST BE CONNECTED TO THE EXT OSC INPUT provid- 
ing the timebase has enough voltage swing for OSC INPUT 
(See electrical characteristics). If the external timebase is 
TTL level a pullup resistor must be used for OSC INPUT. 
The other way is to put a 22 MN resistor between OSC 
INPUT and OSC OUTPUT and capacitively couple the EXT 
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at 
its threshold and the drive voltage will:need to be only 


2 Vp-p. The external timebase frequency must be greater ~ 


than 100 kHz or the chip will reset itself to enable the on- 
board oscillator. 


External Decimal Point Enable—In this mode the EX 
D.P. INPUT is enabled. A decimal point will be displayed for 
the digit that its output line is connected to this input (EX 
D.P. INPUT). Digit 8 should not be used since it will override 
the overflow output. Leading zero blanking is effective for 
the digits to the left of selected decimal point. 


HOLD Input 


Except in the unit counter mode; when the HOLD input 
is at Vpp, any measurement in progress (before STORE 
goes low) is stopped, the main counter is reset and the chip 
is held ready to initiate a new measurement as soon as 
HOLD goes low. The latches which hold the main counter 
data are not updated, so the last complete measurement is 
displayed. In unit counter mode when HOLD input is at 
Vpp, the counter is not stopped or reset, but the display is 


frozen at that instantaneous value: When HOLD goes low — 


the count continues from the new value in the counter. . 


RST IN Input 


The RST IN is provided to reset the Main Counter, stop 
any measurement in progress, and enable the display latch- 
es, resulting in the all zero display. It is suggested to have a 
capacitor at this input to Vsg to prevent any hang-up prob- 
lem on power up. See application circuits. 


EXT RANGE Input 


This input is provided to select ranges other than those 
provided in the chip. In any mode of measurement the dura- 
tion of measurement is determined by the EXT RANGE if 
this input is enabled. This input is sampled at 10ms intervals 
by the 100 Hz reference derived from the timebase. Figure 
8 shows the relationship between this input, 100 Hz refer- 
ence signal and MEAS IN PROGRESS. EXT RANGE can 
change state anywhere during the period of 100 Hz refer- 
ence but will be sampled at the trailing edge of the period to 
start or stop measurement. 


NOTE: All typical values have been characterized but are not tested. 
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This input should not be used for short arbitrary ranges 
(because of its sampling period), it is provided for very long 
gating purposes. A way of using the 7226 for a short arbi- 
trary range is to feed the gating signal into the INPUT B and 
run the device in the Frequency Ratio mode. Note that the 
gating period will be from one positive edge until the next 
positie edge of INPUT B (0.01 s/1 cycle range). 


REFERENCE | | | | 
COUNTER 
CLOCK 

Tae 


EXT RANGE 
INPUT 
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Figure 8: External Range Input to End of 
MEASUREMENT IN PROGRESS 


MEAS IN PROGRESS, STORE, RST OUT 
Outputs 

These outputs are provided for external system interfac- 
ing. MEAS IN PROGRESS stays low during measurements 
and goes high for intervals between measurements. Figure 
9 shows the relationship between these outputs for inter- 
vals between measurements. All these outputs can drive a 
low power Schottky TTL. The MEAS IN PROGRESS can 
drive one ECL load if the ECL device is powered from the 
same power supply as the ICM7226. 


ae 190 TO 200ms————»| 


MEASUREMENT 
IN PROGRESS 


—e 40ms 


Figure 9: RESET OUT, STORE, and — 
MEASUREMENT IN PROGRESS Outputs 
between Measurements - 


BCD Outputs 

The BCD representation of each display digit is available 
at the BCD outputs in a multiplexed fashion. See Table 3 for 
digits truth table. Tne BCD output of each digit is available 


when its corresponding digit output is activated. Note that — 


the digit outputs are multiplexed from D8 (MSD) to D1 
(LSD). The positive going (ICM7226A, common anode) or 
the negative going (ICM7226B, common cathode) digit drive 
signals lag the BCD data by 2us to 6us. This starting edge 
of each digit drive signal should be used to externally latch 
the BCD data. Each BCD output drives one low power 
Schottky TTL load. Leading zero blanking has no effect on 
the BCD outputs. 
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Table 3: Truth Table BCD Outputs BUFF OSC OUT Output 
| Number Beps | Bcp4 | BcD2 | BCD1 The BUFFered OSCillator OUTput is provided for use of 
| : : : the on-board oscillator signal, without loading the oscillator 
Pin 7 Pin 6 7 18 
iio = ul. iil itself. This output can drive one low power Schottky TTL 
0 0 0 0 load. Care should be taken to minimize capacitive loading 
on this pin. 


Decimal Point Position 


Table 4 shows the decimal point position. for different 
modes of ICM7216 operation. Note that the digit 1 is the 
least significant digit. Table is given for 10 MHz timebase 
frequency. 


Overflow Indication 


When overflow happens in any measurement it will be 
indicated on the decimal point of the digit 8. A separate LED 
indicator can be used. Figure 6 shows how to connect this 
indicator. 


OMNOnNAOND=AO 
Pir ree 
oo--4-44A C00 
CO--300--0 
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Table 4: Decimal Point Position 


tae | rms | rns | ME | ew _| come | rmeny 
Ratio Interval Frequency 

| oois/icyle | oe | oe] it 

| orsitocyle | os | os | 


tos/tkoycle | os | 
xternal N/A 


ee ee 
ee 
re ee 


MEASUREMENT INTERVAL 


t 


t 
1 250nsmIn. = ( 
—ej MEASURED io aod 


INTERVAL 
MEASURED 
(FIRST) INTERVAL 


Note: If range is set to 1 event, first and last measured interval will coincide. 


Figure 11: Waveforms for Time Interval Measurement 
(Others are similar, without priming phase) 


NOTE: All typical values have been characterized but are not tested. 
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Time Interval Measurement 


When in the time interval mode and measuring a single 
_ event, the ICM7226A/B must first be ‘‘primed”’ prior to mea- 
suring the event of interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the “measurement inter- 
val.” The inputs are then primed ready for the measure- 
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 


Priming can be easily accomplished using the circuit in 
Figure 10. 


Following the priming procedure (when in single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 


When timing repetitive signals, it is not necessary to 
“prime” the ICM7226A/B as the first alternating signal 
states automatically prime the device. See Figure 11. 


During any time interval measurement cycle, the 
ICM7226A/B requires 200ms following B going low to up- 
date all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 


SIGNAL B 


0356-10 
Figure 10: Priming Circuit, Signals A&B 
Both High or Low 


| Device | Type 
1 CD4049B Inverting Buffer 
2 CD4070B Exclusive-OR 


Oscillator Consideration 


The oscillator is a high gain complementary FET inverter. 
An external resistor of 10 MQ. or 22 MQ should be connect- 
ed between the oscillator input and output to provide bias- 
ing. The oscillator is designed to work with a parallel reso- 
nant 10 MHz quartz crystal with a load capacitance of 22 pF 
and a series resistance of less than 35N. Among suitable 
crystals is the 10 MHz CTS KNIGHTS ISI-002. 


NOTE: All typical values have been characterized but are not tested. 
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For a specific crystal and load capacitance, the required 
Gm can be calculated as follows: 


Gm = w2 Cin Coyut Rs ( 1 + S20)" 
L 
where CL = (<nCour_) 
Cin + Cout 
Co = Crystal Static Capacitance 
Rs = Crystal Series Resistance 
CIN = Input Capacitance 
CoutT = Output Capacitance 
w = arf 


The required gm should not exceed 50% of the gm, speci- 
fied for the ICM7226 to insure reliable startup. The oscillator 
input and output pins each contribute about 4 pF to Cy and 
Court. For maximum frequency stability, Cjy and Coyrt 
should be approximately twice the specified crystal load ca- 
pacitance. 


In cases where nondecade prescalers are used, it may be 
desirable to use a crystal which is neither 10 MHz nor 
1 MHz. In this case both the multiplex rate and the time 
between measurements will be different. The multiplex rate 


fose 
2x 103 


2106 | 
in 


f 
isting seer for 10 MHz mode and fmuy = 


for the 


1 MHz mode. The time between measurements is 
Osc 


x 105 
the 10 MHz mode and aa in the 1 MHz mode. The 


osc 


buffered oscillator output should be used as an oscillator 
test point or to drive additional logic; this output will drive 
one low power Schottky TTL load. When the buffered oscil- 
lator output is used to drive CMOS or the external oscillator 
input, a 10 k© resistor should be added from the buffered 
oscillator output to Vpp. 


The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. In particular, coupling from the BUFFered OS- 
Cillator OUTput and EXTernal OSCillator INput to the OSCil- 
lator OUTput or OSCillator INput can cause undesirable 
shifts in oscillator frequency. To minimize this coupling, pins 
34 and 37 should be connected to Vpp or Vss and these 
two signals should be kept away from the oscillator circuit. 


Display Considerations 


The display is multiplexed at a 500Hz rate with a digit time 
of 244us. An interdigit blanking time of 6s is used to pre- 
vent display ghosting (faint display of data from previous 
digit superimposed on the next digit). Leading zero blanking 
is provided, which blanks the left hand zeros after decimal 
point or any non-zero digits. Digits to the right of the decimal 
point are always displayed. The leading zero blanking will 
be disabled when the Main Counter overflows. 

The ICM7226A is designed to drive common anode LED 
displays at a peak current of 25 mA/segment, using dis- 
plays with Ve=1.8V at 25 mA. The average DC current will 
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be greater than 3 mA under these conditions. The 
ICM7226B is designed to drive common cathode displays at 
a peak current of 15 mA/segment, using displays with 
Ve=1.8V at 15 mA. Resistors can be added in series with 
the segment drivers to limit the display current, if required. 
The Typical Performance Characteristics curves show the 
digit and segment currents as a function of output voltage 
for common anode and common cathode drivers. 


To increase the light output from the displays, Vpp may 
be increased to 6.0V, however care should be taken to see 
that maximum power and current ratings are not exceeded. 


The SEGment and Digit outputs in both the 7226A and B 
are not directly compatible with either TTL or CMOS logic. 
Therefore, level shifting with discrete transistors may be re- 
quired to use these outputs as logic signals. External latch- 
ing should be done on the leading edge of the digit signal. 


ACCURACY 


In a Universal Counter, crystal drift and quantization er- 
rors cause errors. In frequency, period and time interval 
modes, a signal derived from the oscillator is used either in 
the Reference Counter or Main Counter, and in these 
modes, an error in the oscillator frequency will cause an 
identical error in the measurement. For instance, an oscilla- 
tor temperature coefficient of 20ppm/°C will cause a mea- 
surement error of 20ppm/°C. 

In addition, there is a quantization error inherent in any 
digital measurement of +1 count. Clearly this error is re- 
duced by displaying more digits.-In the frequency mode, 


maximum accuracy is obtained with high frequency inputs, ; 
and in period mode maximum accuracy is obtained withrlow- 


frequency inputs. As can be seen in Figure 12. In time in- 
terval measurements there is a maximum error of 1 count 
per interval. As a result there is the same inherent accuracy 
in all ranges, as shown in Figure 13. In frequency ratio 
measurement more accuracy can be obtained by averaging 
over more cycles of INPUT B as shown in Figure 14. 
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Figure 12: Maximum Accuracy of Frequency.and ~ 
Period Measurements Due to Limitations of 
Quantization Errors 


NOTE: All typical values have been characterized but are not tested. 
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Figure 13: Maximum Accuracy of Time Interval 
Measurements Due to Limitations of 
Quantization Errors 
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Figure 14: Maximum Accuracy of Frequency 
Ratio Measurement Due to Limitation of 
Quantization Errors 


APPLICATIONS . 


The ICM7226 has been designed. as a complete stand ~ 
alone Universal Counter, or used with prescalers and other 
circuitry in a variety of applications. Since INPUT A and IN- 
PUT B are digital inputs, additional circuitry will be required 
in many applications, for input buffering, amplification, hys- 
teresis, and level shifting to obtain the required digital volt- 
ages. For many applications a FET source follower can be 
used for input buffering, and an ECL 10116 line receiver can 
be used for amplification. and hysteresis to obtain high im- - 
pedance input, sensitivity and bandwidth. However, cost 
and complexity of this circuitry can vary widely, depending 


upon the sensitivity and bandwidth required. When TTL pre- 
scalers or input buffers are used, a pull up resistors to Vpp 
should be used to obtain optimal voltage swing at INPUTS 
A and B. 


If prescalers aren’t required, the ICM7226 can be used to 
implement a minimum component Universal Counter as 
shown in Figure 15. 

For input frequencies up to 40 MHz, the circuit shown in 
Figure 16 can be used to implement a frequency and peri- 
od counter. To obtain the correct value when measuring 
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frequency and period, it is necessary to divide the 10 MHz 
oscillator frequency down to 2.5 MHz. In doing this the time 
between measurements is lengthened to 800ms and the 
display multiplex rate is decreased to 125 Hz. 


If the input frequency is prescaled by ten, the oscillator 
frequency can remain at either 10 MHz or 1 MHz, but the 
decimal point must be moved. Figure 17 shows use of a + 
10 prescaler in frequency counter mode. Additional logic 
has been added to enable the 7226 to count the input di- 
rectly in period mode for maximum accuracy. 
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Figure 15: 10 MHz Universal Counter 
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Note 1: If a 2.5 MHz crystal is used, diode D1 and I.C.’s 1 and 2 can be eliminated. 
Figure 16: 40 MHz Frequency, Period Counter 


NOTE: All typical values have been charactenzed but are not tested. 
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Figure 18: 100 MHz Frequency, Period Counter 


NOTE: All typical values have been characterized but are not tested. 
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Figure 18 shows the use of a CD4016 analog multiplexer 
to multiplex the digital outputs back to the FUNCTION Input. 
Since the CD4016 is a digitally controlled analog transmis- 
sion gate, no level shifting of the digit output is required. 
CD4051’s or CD4052’s could also be used to select the 
proper inputs for the multiplexed input on the ICM7226 from 
2 or 3 bit digital inputs. These analog multiplexers may also 
be used in systems in which the mode of operation is con- 
trolled by a microprocessor rather than directly from front 
panel switches. TTL multiplexers such as the 74LS153 or 
74LS251 may also be used, but some additional circuitry will 
be required to convert the digit output to TTL compatible 
logic levels. ; 


The circuit shown in Figure 19 can be used in any of the 
circuit applications shown to implement a single measure- 
ment mode of operation. This circuit uses the STORE out- 
put to put the ICM7226 into a hold mode. The HOLD input 
can also be used to reduce the time between measure- 
ments. The circuit shown in Figure 20 puts a short pulse into 
the HOLD input a short time after STORE goes low. A new 
measurement will be initiated at the end of the pulse on the 
HOLD Input. This circuit reduces the time between mea- 
surements to about 40ms from 200ms; use of the circuit 
shown in Figure 20 on the circuit shown in Figure 16 will 
reduce the time between measurements from 800ms to 
about 160ms. 


OPEN-SINGLE MEAS MODE ENABLED 
CLOSED-INITIATE NEW MEASUREMENT 
CLOSED-HOLD INPUT 


Figure 19: Single Measurement Circuit 
for Use with ICM7226 


NOTE: All typical values have been characterized but are not tested. 
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Figure 20: Circuit for Reducing Time 
between Measurements 


Using LCD Display 
Figure 21 shows the ICM7226 being interfaced to LCD 


displays, by using its BCD outputs and 8 digit lines to drive 
two ICM7211 display drivers. 
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Figure 21: 10 MHz Universal Counter System 
with LCD Display 
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GENERAL DESCRIPTION 


The ICM7249 Timer/Counter is intended for long-term 
battery-supported industrial applications. The ICM7249 typi- 
cally draws 1A during active timing or counting, due to 
Harris’ special low-power design techniques. This allows 


more than 10 years of continuous operation without battery 


replacement. The chip offers four timing modes, eight 
counting modes and four test modes. 


The ICM7249 is a 48-lead device, powered by a single DC 
voltage source and controlled by a 32.768kHz quartz crys- 
tal. No other external components are required. Inputs to 
the chip are TTL-compatible and outputs drive standard di- 
rect drive LCD segments. The chip is available in dice and in 
Plastic DIP package forms. 


47 123S/s (START/STOP) 

46 F-1C; (CONTROL INPUT) 
45 3c. (CONTROL INPUT) 
441-3c, (CONTROL INPUT) 
43|5JCy (CONTROL INPUT) 


41£J0SC OUTPUT 
40 FJ0OSC INPUT 


38 I7}BP (BACKPLANE) 
37 CW (WINK) 


Figure 1: Pin Configuration 


ICM7249 
514 Digit LCD »-Power 
~ Event/Hour Meter 


FEATURES 
® Hour Meter Requires Only 4 Parts Total 
© Micropower Operation: <1:A at 2.8V Typical 


© 10 Year Operation On One Lithium Cell 
21% Year Battery Life With Display Connected 


® Directly drives 514 Digit LCD 

© 14 Programmable Modes of Operation 
© Times Hrs., 0.1 Hrs., .01 Hrs., .1 Mins. 
© Counts 1’s, 10’s, 100’s, 1000’s 

© Dual Funtion Input Circuit: 


—Selectable Debounce for Counter 
—High-Pass Filter for Timer 


® Direct AC Line Triggering With Input Resistor 
® Winking “Timer Active” Display Output 

© Display Test Feature 

APPLICATIONS 

© AC or DC Hour Meters 

© AC or DC Totalizers 

® Portable Battery Powered Equipment 

® Long Range Service Meters - 


ORDERING INFORMATION 


Temperature Range 
ICM72491PM | —40°Cto +85°C | 48-Pin Plastic DIP 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 


203500-005 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Input Voltage 
Pins 43-48 (Note 1) 


Power Dissipation (Note 2) .................000- 200mW 
Operating Temperature Range ........... — 40°C to 85°C 
Storage Temperature Range ............ — 65°C to 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 


oscin] 
oscoutl _| 


ICM7249 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


0362-2 


Figure 2: Functional Diagram 
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Figure 3: Digits Segment Assignment 


0362-11 


NOTE: All typical values have been characterized but are not tested. 
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iCM7249 


ICM7249 


ELECTRICAL CHARACTERISTICS  Temperature=—40°C to + 85°C, Vpp = 2.5V to 5.5V, Vgg=OV, unless 


otherwise noted. Typical specifications measured at temperature = 25°C and Vpp = 2.8V unless otherwise noted. 


imi 
jermbet| Param 


| | min | typ | Max_| 
[Yoo | Operating Voltage | Notes | es ||| 


Operating Current Note 4, All inputs = Vpp or GND 
1.0 10.0 pA 
4.0 20.0 pA 


Test Conditions 


Vpp = 2.8V 
Vpp= 5.5V 


input Current: All Inputs Vpp or GND 
Co-C3, Vpp = 2.8V 
S/S Note 5 


DT 


Input Voltage: 
Co-C3, DT, S/S 


Segment Output Voltage 
Backplane Output Voltage 


Oscillator Stability: 

Temp. = 25°C, Vpp = 2.5V to 5.5V 
Temp. = —40°C to + 85°C, 

Vpop = 2.5V to 5.5V 


S/S Pulse Width: 
High-pass Filter (Modes 0-3) 
Debounce (Modes 4, 6, 8, 10) 
w/o Debounce (Modes 5, 7, 9, 11) 


NOTES: 1. Due to the SCR structure inherent in junction-isolated CMOS devices, the circuit can be put in a latchup mode if large currents are injected into device 
inputs or outputs. For this reason special care should be taken in a system with multiple power supplies to prevent voltages being applied to inputs or 
outputs before power is applied. If only inputs are affected, latchup also can be prevented by limiting the current into the input terminal to less than 
1ImA. 

. This limit refers to that of the package and will not occur during normal operation. 

. Internal reset to 00000 requires a maximum Vpp rise time of 11s. Longer rise times at power-up may cause improper reset. 

. Operating current is measured with the LCD disconnected, and input current Isg and Ip7 supplied externally. 

. Inputs Co-C3 are latched internally and draw no DC current after switching. During switching, a 90,A peak current may be drawn for 10 nanoseconds. 


om WwW PD 


NOTE: All typical values have been characterized but are not tested. 
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Table 1. Pin Assignment and Function 


Half-digit LCD segment output. 
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NOTE: All typical values have been characterized but are not tested. 
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Table 1. Pin Assignment and Function (Continued) 


wane | Deeorption 
Tap | Bectplane for LOD referenco._ 

V : 
Poscin 

C 

Cc 

C 

C 

S 


Supply GRounD. 


Mode-select 
control inputs. 


| Pin 
Ewes 
| 38 
40 
OSC IN 
soso | Seca 
| 42 | ano 
| 43 | Gy 
4 | 
| 45 | Ge 
| 46 | Cy 
s/s 


Start / Stop Input 
=: ae Display Test Input 


37 
39 DD 
40 

41 

42 | GND 
43 0 
44 , 
45 9 
46 3 
47 /S 
48 | DT 


Table 2. Mode Select Table 


10’s counter with debounce 
1 


| Vp | Positive supply voltage 
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ICM7249 


DETAILED DESCRIPTION 


As Figure 2 shows the device consists of the following 
building blocks: 


® A 32.768 kHz crystal oscillator with the associated divid- 
ers to generate timebase signals for periods of 1s (fre- 
quency of 1 Hz), 6s (1/10 min) and 36s (1/100 hour), and 

- 32 Hz signal for LCD drivers. 

® A debounce/high-pass detect circuit for the S/S (Start/ 
Stop) input. 

@ A chain of cascaded decade counters, 3 decade counters 
for prescaling and 51% BCD decade counters for display 
driving. 

® Display control circuitry and BCD to 7-segment decoder/ 
drivers. 

© A control decoder to select different modes of operation. 
This is done by routing different signals to the different 
points in the chain of decade counters. 


ICM7249 


Timer Mode of Operation 

In modes 0 to 3 the device functions as an interval timer. 
In this mode, one of the timebase signals will be routed to 
the decade counters at a proper point in the chain. Depend- 


‘ing on the selected mode the display will be incremented at 


0.1 min, 0.01 hour, 0.1 hour or 1 hour rates. 


Control of timing function is handled by the S/S input. 
There is a high-pass filtering effect on the S/S input in timer 
modes. Referring to Figure 5, timing is active when either 
S/S is held high for more than 12.5 ms, or if input frequency 
is 50 Hz to 120 kHz. Driving S/S with a frequency between 
40 Hz to 50 Hz has an indeterminate effect on timing and 
should be avoided. Note that the Thp intervals shown on 
Figure 4 are also applied to the intervals when the S/S input 
is low. 


- Counter Mode of Operation 


The control decoder has 4 inputs for selecting 16 possi- — 


ble modes of operation, numbered 0 to 15. The’16 modes 
are selected by placing the binary equivalent of the mode 
number on inputs Co to C3. Table 2 shows the control inputs 
and the modes of operation. 


After applying power, the I1CM7249 requires a rise time of 
Tr to become active and for oscillation to begin, as shown 
in Figure 4. The BP (backplane) output changes state once 
every 512 cycles of the crystal oscillator, resulting in a 
square wave of 32 Hz. The display segments drive signal 


. has the same level and frequency as BP. Segments are off 


when in phase with BP and are on when out of phase with 
BP. 


A non-multiplexed LCD display is used because it is more 
stable over temperature and allows many standard LCD dis- 
plays to be used. 


OSC OUT 
BP 


ON 
SEGMENTS 


OFF 
SEGMENTS 


In modes 4 to 11 the device functions as an event coun- 
ter or totalizer. In this mode the S/S input will be routed to 
the decade counters at a proper point in the chain. Each 
positive transition of the S/S will be registered as one 
count. Depending on the selected mode, the display will be 
incremented by each pulse, every 10 pulses, every 100 
pulses or every 1000 pulses. . 


In counter modes 4, 6, 8 and 10 the S/S input is subject- 
ed to debounce filtering. Referring to Figure 7, only the puls- 
es with a frequency of less than 40 Hz are valid and 


saan 


|~<¢<——— ONE % BACKPLANE CYCLE 
fo = 32.768KHz 


Figure 4: Power ON/Reset Waveforms 


NOTE: All typical values have been characterized but are not tested. 
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ICM7249 2 

v 

N 

will be counted. Input pulses with a frequency of 50 Hz to In counter modes 5, 7, 9 and 11 the S/S input is not & 

120 kHz are not counted indivdually, but each burst of input subjected to any debouncing action and input pulses will be oO 
pulses will be counted as one pulse if it lasts at least counted up to a frequency of 120 kHz. 


12.5ms. Driving S/S with a frequency between 40 Hz to 
50 Hz has an indeterminate result and should be avoided. 


TIMING ACTIVE DURING INTERVAL 


po eee ren Thp > 12.5ms 
TIMING INDETERMINATE DURING INTERVAL 


10ms < Thp < 12.5ms 
SiS 
INVALID 
40Hz < f < 50Hz 
|e TIMING ACTIVE DURING INTERVAL 


—>| [+ Thp 


5s < Th) < 10ms 


50Hz < f < 120kHz 


Figure 5: Start/Stop Input High-Pass Filtering in Timing Modes 


WINK GOES IN PHASE | WINK GOES OUT OF PHASE 


w VST NSS TO 
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OFF 
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Figure 6: Wink Waveforms in Timing Modes 


NOTE: All typical values have been characterized but are not tested. 
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Wink Segment 


The wink segment is provided as an annunciator to indi- 
cate the 7249 is working. It can be connected to any kind of 
annunciator on an LCD, like the flashing colons in a clock 
type LCD. 


In the timer modes, the wink segment flashes while timing 
is taking place. The wink segment waveform is shown on 
Figure 6 for timer modes. On the positive transition of S/S, 
the wink output turns off. It remains off for 16 BP cycles and 
turns back on for another 16 cycles. If timing is still active, 
this will be repeated, giving a wink flash rate of 1 Hz; other- 
wise, the wink segment remains on while timing is not ac- 
tive. bn 

In the counter modes, the wink segment stays on until a 
pulse occurs on S/S input, then it winks off indicating a 
pulse is counted. This will happen regardless of whether the 
display is incremented. Figure 8 shows the wink waveform 
for counter modes. When a count occurs, the wink segment 
turns off at the end of the 16th BP cycle and turns back on 
at the end of the 32nd BP cycle, giving a half-second wink. 
If counting occurs more frequently than once a second, the 
wink output will continue to flash at the constant rate of 
1 Hz. 


COUNT WITH OR WITHOUT DEBOUNCE 


ICM7249 


Display Test and Reset 


‘The display may be tested at any time without disturbing 
operation by pulsing DT high, as seen in Figure 8. On the 
next positive transition of BP, all the segments turn on and 
remain on until the end of the 16th BP cycle. This takes a 
half-second or less. All the segments then turn off for an 
additional 48 BP cycles (the end of the 64th cycle), after 
which valid data returns to the display. As long as DT is held 
high, the segments will remain on. 


Additional display testing is provided by using mode 12. In 
this mode each displayed decade is incremented on each 
positive transition of S/S. Modes 13 and 14 are manufactur- 
er testing only. 

Mode 15 resets all the decades and internal counters to 
zero, essentially bringing everything back to power-up 
status. 


COUNT WITHOUT DEBOUNCE 
UNKNOWN RESULTS WITH DEBOUNCE 


—>| |+—Tde 


$/S 
INVALID 


10ms < Tye < 12.5ms 


40Hz < f < SOHz 


COUNT WITHOUT DEBOUNCE 
ONE COUNT WITH DEBOUNCE 


>| |<—Tee 


5us S Tye < 10ms 


50Hz < f < 120kHz 


Figure 7: Start/Stop Input Debounce Filtering in Counting Modes 
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Figure 8: Wink Waveforms in Counting Modes 


NOTE: All typical values have been characterized but are not tested. 
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ALL SEGMENTS OFF 


ICM7249 


| 
DISPLAY RESTORED 


| 
| ALL SEGMENTS ON 
ALL SEGMENTS 
ON OR OFF | 
| ' 


Figure 9: Display Testing 


APPLICATIONS 


A typical use of the ICM7249 is seen in Figure 10, the 
Motor Hour Meter. In this application the ICM7249 is config- 
ured as an hours-in-use meter and shows how many whole 
hours of line voltage have been applied. The 20M© resistor 
and high-pass filtering allow AC line activation of the S/S 
input. This configuration, which is powered by a 3V lithium 
cell, will operate continuously for 214 years. Without the dis- 
play, which only needs to be connected when a reading is 
required, the span of operation is extended to 10 years. 


When the ICM7249 is configured as an attendance coun- 
ter, as shown in Figure 11, the display shows each incre- 
ment. By using mode 2, external debouncing of the gate 
switch is unnecessary, provided the switch bounce is less 
than 10 ms. 


The 3V lithium battery can be replaced without disturbing 
operation if a suitable capacitor is connected in parallel with 
it. The display should be disconnected, if possible, during 
the procedure to minimize current drain. The capacitor 
should be large enough to store charge for the amount of 
time needed to physically replace the battery (At = AVC/I). 
A 100uF capacitor initially charged to 3V will supply a cur- 
rent of 1.0uA for 50 seconds before its voltage drops to 
2.5V, which is the minimum operating voltage for the 
ICM7249. 


Before the battery is removed, the capacitor should be 
placed in parallel, across the Vpp and GND terminals. After 
the battery is replaced, the capacitor can be removed and 
the display reconnected. 


18:8 8:88 


32.768kHz 


OSC, 


1CM7249 


DISPLAY 
TEST 


Figure 10: Motor Hour Meter 


NOTE: All typical values have been characterized but are not tested. 
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+3V TO +24V DC 


GATE 
SWITCH 


ICM7249 


Co C, C2 C3 


DISPLAY 
TEST 


Figure 11: Attendance Counter 


NOTE: All typical values have been characterized but are not tested. 
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32.768kHz 
CRYSTAL 


DATA ACQUISITION 


AD590 2-Wire Current Output Temperature Transducer ...............000 0 cee eee 12-2 
ICL8069 Low: Voltage: Reference: <5..i.. ieee eh a id a Ge ee eee ee 12-13 


AD590 


GENERAL DESCRIPTION 


The AD590 is an integrated-circuit temperature transduc- 
er which produces an output current proportional to abso- 
lute temperature. The device acts as a high impedance con- 
stant current regulator, passing 1A/°K for supply voltages 
between + 4V and +30V. Laser trimming of the chip’s thin 
film resistors is used to calibrate the device to 298.2A out- 
put at 298.2°K (+ 25°C). 


The AD590 should be used in any temperature-sensing 
application between —55°C and + 150°C in which conven- 
tional electrical temperature sensors are currently em- 
ployed. The inherent low cost of a monolithic integrated cir- 
cuit combined with the elimination of support circuitry 
makes the AD590 an attractive alternative for many temper- 
ature measurement situations. Linearization circuitry, preci- 
sion voltage amplifiers, resistance- measuring circuitry and 
cold-junction compensation are not needed in applying the 
AD590. In the simplest application, a resistor, a power 
source and any voltmeter can be used to measure tempera- 
ture. 


In addition to temperature measurement, applications in- 
clude temperature compensation or correction of discrete 
components, and biasing proportional to absolute tempera- 
ture. The AD590 is available in chip form making it suitable 
for hybrid circuits and fast temperature measurements in 
protected environments. 


The AD590 is particularly useful in remote sensing appli- 
cations. The device is insensitive to voltage drops over long 
lines due to its high-impedance current output. Any well-in- 
sulated twisted pair is sufficient for operation hundreds of 
feet from the receiving circuitry. The output characteristics 
also make the AD590 easy to multiplex: the current can be 
switched by a CMOS multiplexer or the supply voltage can 
be switched by a logic gate output. 


CHIP 
SUBSTRATE 


Figure 1: Functional Diagram 


AD590 


2-Wire Current Output 
Temperature Transducer 


FEATURES 

© Linear Current Output: 1nA/°K 

® Wide Range: — 55°C to + 150°C 

© Two-Terminal Device: Voltage In/Current Out 
© Wide Power Supply Range: + 4V to + 30V 

© Sensor Isolation From Case 

© Low Cost 


ORDERING INFORMATION 

Non-Linearity Part Temperature 
+3.0 AD590IH | —55°C to + 150°C; TO-52 
+1.5 AD590JH | —55°C to + 150°C | TO-52 


‘Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


NOTE: All typical values have been characterized but are not tested. 


300106-—003 


ABSOLUTE MAXIMUM RATINGS (Ta= + 25°C unless otherwise noted) 

Forward Voltage (Vt toV~) ............ cece eens +44V Rated Performance Temperature Range 

Reverse Voltage (Vt toV—) .......... 0c cece eee —20V MOsO 2! ts citctn bes gies 2 ore eee ae — 55°C to + 150°C 
Breakdown Voltage (Case to V+ or V~).......... + 200V Lead Temperature (Soldering, 10sec) ........... + 300°C 
Storage Temperature Range .......... —65°C to + 150°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


SPECIFICATIONS (Typical values at Ta= + 25°C, V+ =5V unless otherwise noted) 


Characteristics AD5901 AD590J | units | 


Output 
Nominal ee ee Current @ + 25°C(298.2°K) saan aaa 2 places 2 


Nominal | Nominal Temperature Coefficient = Coefficient a sae 


Calibration Error @ + 25°C (Notes 1, 5) a ae ae es ee 


Absolute Error (— 55°C to + 150°C) (Note 7) 
Without External Calibration Adjustment 
With External Calibration Adjustment 


+10.0 max 
+ 3.0 max 


Power Supply Rejection: 
+4V<Vt<+5V 
+5V<Vt<+15V 
+ 15V<Vt<+30V 


Electrical Turn-On Time (Note 1) 
Reverse Bias Leakage Current (Note 4) 
Power Supply Range 


NOTES: 


1. Does not include self heating effects. 

2. Maximum deviation between + 25°C reading after temperature cycling between —55°C and + 150°C. 
3. Conditions: Constant + 5V, constant + 125°C. 

4. Leakage current doubles every + 10°C. 

5. Mechanical strain on package may disturb calibration of device. 

6. Guaranteed. But not tested. 

7. —55°C Guaranteed by testing @ + 25°C and @ + 150°C. 


TRIMMING OUT ERRORS 


The ideal graph of current versus temperature for the The circuit of Figure 6 trims both the slope and the offset. 
AD590 is a straight line, but as Figure 3 shows, the actual This is shown in Figure 7. The diagrams are exaggerated to 
shape is slightly different. Since the sensor is limited to the show effects, but it should be clear that these trims can be 
range of —55°C to + 150°C, it is possible to optimize the used to minimize errors over the whole range, or over any 
accuracy by trimming. Trimming also permits extracting selected part of the range. In fact, it is possible to adjust the 
maximum performance from the lower-cost sensors. l-grade device to give less than 0.1°C error over the range 

The circuit of Figure 4 trims the slope of the AD590 out- 0°C to 90°C and less than 0.05°C error from 25°C to 60°C. 


put. The effect of this is shown in Figure 5. 


NOTE: All typical values have been characterized but are not tested. 
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AD590 


ADS90 


- as 
ACTUAL 

(GREATLY 

EXAGGERATED) 


TOK) Vout = 100mVir°C 


Figure 3: Trimming Out Errors 


0318-6 


Figure 6: Slope and Offset Trimming 


ACCURACY 


Maximum errors over limited temperature spans, with 
Vout = ImvirK Vs,= + 5V, are listed by device grade in the following tables. 
The tables reflect the worst-case linearities, which invariably 
occur at the extremities of the specified temperature range. 
= = The trimming conditions for the data in the tables are shown 
0318-4 in Figures 4 and 6. 


-All errors listed in the tables are +°C. For example, if 
+ 1°C maximum error is required over the + 25°C to + 75°C 
range (i.e., lowest temperature of + 25°C and span of 50°C), 
then the trimming of a:J-grade device, using the single-trim 

pent circuit (Figure 4), will result-in output having the required 
_— — ACTUAL accuracy over the stated range. An |-grade device with two 
trims. (Figure 6) will have less than +0.2°C error. If the re- 
quirement is for less than +1.4°C maximum error, from 
— 25°C to +.75°C~(100° span from — 25°C), it can be satis- 
fied by an I-grade device with two trims. 


9500 R=SLOPE 


Figure 4: Slope Trimming 


T (°K) 


Figure 5: Effect of Slope Trim 


a) Untrimmed . __b) Trim One: Offset c) Trim Two: Slope d) Trim Three: Offset Again 


0318-7 0318-8 0318-9 0318-10 


Figure 7: Effect of Slope and Offset Trimming 


NOTE: All typical values have been characterized but are not tested. 
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AD590 


ADS90 


| GRADE — MAXIMUM ERRORS, °C 


Temperature Lowest Temperature in Span—°C 
Span—°C 


0 +25 +50 +75 +100 +125 


11.6 12.4 13.2 
12.0 13.8 15.0 
14.6 16.4 18.0 
18.8 


* Less than 0.05°C. 
J GRADE — MAXIMUM ERRORS, °C 


la Temperature Lowest Temperature in Span—°C 
Span—°C 


Trims +25 +50 +75 +100 +125 


* Less than +0.05°C. 


NOTE: All typical values have been characterized but are not tested. 
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NOTES 


1. | Maximum errors over all ranges are guaranteed 
based on the known behavior characteristic of the 
AD590. 


2. For one-trim accuracy specifications, the 205°C 
span is assumed to be trimmed at + 25°C; for all 
other spans, it is assumed that the device is 
trimmed at the midpoint. 


3. For the 205°C span, it is assumed that the two-trim 
temperatures are in the vicinity of O°C and + 140°C; 
for all other spans, the specified trims are at the 
endpoints. 


4. __In precision applications, the actual errors encoun- 
tered are usually dependent upon sources of error 
which are often overlooked in error budgets. These 
typically include: 


a. Trim error in the calibration technique used 
b. Repeatability error 
c. Long-term drift errors 


Trim error is usually the largest error source. This error aris- 
es from such causes as poor thermal coupling between the 
device to be calibrated and the reference sensor; reference 
sensor errors; lack of adequate time for the device being 
calibrated to settle to the final temperature; radically differ- 
ent thermal resistances between the case and the sur- 
roundings (Rgeca) when trimming and when applying the de- 
vice. 


NOTE: All typical values have been characterized but are not tested. 
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ADS90 


Repeaiability errors arise from a strain hysteresis of the 
package. The magnitude of this error is solely a function of 
the magnitude of the temperature span over which the de- 
vice is used. For example, thermal shocks between 0°C and 
100°C involve extremely low hysteresis and result in repeat- 
ability errors of less than +0.05°C. When the thermal-shock 
excursion is widened to —55°C to + 150°C, the device will 
typically exhibit a repeatability error of +0.05°C (+0.10 
guaranteed maximum). ; 


Long-term drift errors are related to the average operating 
temperature and the magnitude of the thermal shocks expe- 
rienced by the device. Extended use of the AD590 at tem- 
peratures above 100°C typically results in long-term drift of 
+0.03°C per month; the guaranteed maximum is +0.10°C 
per month. Continuous operation at temperatures below 
100°C induces no measurable drifts in the device. Besides 
the effects of operating temperature, the severity of thermal 
shocks incurred will also affect absolute stability. For ther- 
mal-shock excursions less than 100°C, the drift is difficult to 
measure (<0.03°C). However, for 200°C excursions, the de- 
vice may drift by as much as +0.10°C after twenty such 
shocks. If severe, quick shocks are necessary in the appli- 
cation of the device, realistic simulated life tests are recom- 
mended for a thorough evaluation of the error introduced by 
such shocks. 


AD590 
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TYPICAL APPLICATIONS 


333.30 
0.1% 
(FOR 3 SENSORS) 


> ae 4 Vour — Imv"K 
1kQ 


0318-14 

0318-11 Figure 10: Average-temperature sensing 
scheme. The sum of the AD590 currents appears 

across R, which is chosen by the formula: 


10kN 
R= : 
ss n being the number of sensors. 
298.2 
218 


218°K §=298.2°K 423°K 
(—55°C) ( + 25°C) (+150°C) 


TEMPERATURE 


OUTPUT CURRENT (::A) 


0318~12 
Figure 8: Simple connection. Output is 
proportional to absolute temperature. 


+15V 


+ 


(AS MANY AS 
AD590 DESIRED) 


Our (min) 


10k2 
0.1% 


V 


. 0318-13 


Figure 9: Lowest-temperature sensing scheme. 
Available current is that of the “coldest” sensor. 


NOTE: All typical values have been characterized but are not tested. 
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ADS90 


HEATER 
ELEMENT 


0318-15 

Figure 11: Single-setpoint temperature controller. The AD590 produces a temperature-dependent voltage 
across R (C is for filtering noise). Setting Ro produces a scale-zero voltage. For the Celsius scale, make 

R= 1k. and VzEROC = 0.273 volts. For Fahrenheit, R = 1.8k0 and VzeRo = 0.460 volts. 
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0318-16 
Figure 12: Multiplexing sensors. If shorted sensors are possible, a series resistor in series 
with the D line will limit the current (Shown as R, above: only one is needed). 
A six-bit digital word will select one of 64 sensors. 


NOTE: All typical values have been characterized but are not tested. 
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1k2 
ZERO SET 


44.2k2 


20k? 
FULL-SCALE 
ADJUST 


Figure 13: Centigrade thermometer (0°C — 100°C). the ultra-low bias current of the ICL7611 allows the use of 
large-value gain-resistors, keeping meter-current error under 1/.%, and therefore saving the expense of an 
extra meter-driving amplifier. 


(8V min) © Vour =(T2-T1) (10mVvIr°C) 
res 


0318-18 


Figure 14: Differential thermometer. The 50k? pot trims offsets in the devices whether internal or external, 
so it can be used to set the size of the difference interval. This also makes it useful for liquid-level detection 
(where there will be a measurable temperature difference). 


NOTE: Ail typical values have been characterized but are not tested. 
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AD590 


ADS90 


eae 


| SEEBECK 
COEFFICIENT = 40uV/°K 


Tc= Vi= 
40, Vi°K 10.98mV 


0318-19 
Figure 15: Cold-junction compensation for type K thermocouple. The reference junction(s) should be in 
close thermal contact with the AD590 case. V+ must be at least 4V, while ICL8069 current should be set at 
1mA— 2mA. Calibration does not require shorting or removal of the thermocouple: set R; for Vo= 10.98mV. 
If very precise measurements are needed, adjust R2 to the exact Seebeck coefficient for the thermocouple 
used (measured or from tabie) note Vj, and set R; to buck out this voltage (i.e., set V2 = V;). For other 
thermocouple types, adjust values to the appropriate Seebeck coefficient. 


500pA 
- + 
+ 
ie AV< Vaart ae 
<30V = 


Figure 16: Simplest thermometer. Meter displays current output directly in degrees Kelvin. Using the 
AD590J, sensor output is within + 10 degrees over the entire range. 


0318-20 


NOTE: All typical values have been characterized but are not tested. 
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AD590 


» Ra= 28k nominal 
n=1 
All values in kQ 


The ICL7106 has a Vixy span of +2.0V, and a Voy range of (V+ —0.5) 
Volts to (V- +41) Volts; R is scaled to bring each range within Voy 
1CL7108 while not exceeding Vin. Vaer for both scales is 500mV. Maximum 


reading on the Celsius range is 199.9°C, limited by the (short-term) 
maximum allowable sensor. temperature. Maximum reading on the 
Fahrenheit range is 199.9°F (93.3°C), limited by the number of display 
digits. See note next page. 


0318-21 


Figure 17: Basic digital thermometer, Celsius and Fahrenheit scales 


i REF HI 


REF LO 


1CL7106 


\-=- 


0318-22 
Figure 18: Basic digital thermometer,:Kelvin scale. The Kelvin scale version reads from 0 to 1999°K 
theoretically, and from 223°K to 473°K actually. The 2.26k0 resistor brings the input within the ICL7106 Vojy 
range: 2.general-purpose silicon diodes or an LED may be substituted. 


NOTE: Ail typical values have been characterized but are not tested. 
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AD590 


Vv- 


AD590 


0318-23 


Figure 19: Basic digital thermometer, Kelvin scale with zero adjust. This circuit allows “zero adjustment” as 
well as slope adjustment. The ICL8069 brings the input within the common-mode range, while the 5k. pots 
trim any offset at 218°K (— 55°C), and set the scale factor. 


ae teen Panel) Saat 


Note on Figure 17, Figure 18 and Figure 19: Since all 3 
scales have narrow Vin spans, some optimization of 
ICL7106 components can be made to lower noise and pre- 
serve CMR. The table below shows the suggested values. 
Similar scaling can be used with the ICL7126/36. 


NOTE: All typical values have been characterized but are not tested. 
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0.223 to 0.473 


—0.25 to + 1.0 
—0.29 to + 0.996 


For all: 
Creer = 0.1 p.F 
Cint = 0.22uF 


Cosc = 100pF 
Rosc = 100k. 


GENERAL DESCRIPTION 


The ICL8069 is a 1.2V temperature compensated voltage 
reference. It uses the band-gap principle to achieve excel- 
lent stability and low noise at reverse currents down to 
50A. Applications include analog-to-digital converters, dig- 
ital-to-analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 


ORDERING INFORMATION 


ICL8069 


Low Voltage Reference 


FEATURES 


© Low Bias Current — 50.A Min 
© Low Dynamic Impedance 
© Low Reverse Voltage 


® Low Cost 


Part Number Maximum Temperature Package 
Tempco Range 


ICL8069CCZR 0.005% /°C 
ICL8069CCSQ 0.005% /°C 
ICL8069DCZR 0.01%/°C 
ICL8069DCSQ 0.01%/°C 
ICL8069DCBA 0.01% /°C 


ICL8069CMSQ 0.005%/°C 
ICL8069DMSQ 0.01%/°C 


(a) Simple Reference (1.2 volts or less) 


0°C to + 70°C 

o°c to + 70°C 
0°C to + 70°C 
0°C to + 70°C 
0°C to + 70°C 


TO-92 
TO-52 
TO-92 
TO-52 

8 Lead SOIC 


—55°C to + 125°C 
—55°C to + 125°C 


~ 9327-2 


(b) Buffered 10V Reference 


using a single supply. 
Figure 1: Functional Diagrams 


0327-3 
(c) Double regulated 100mV reference 
for ICL7107 one-chip DPM circuit. 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 
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303120-004 


ICL8069 


iICL8069 


ICL8069 


ABSOLUTE MAXIMUM RATINGS 


Reverse Voltage ............. ccc ee eee eee See Note 2 Storage Temperature ...... Gee en tee —65°C to + 150°C 

Forward Current ................. Manlaneens gous 10mA Operating Temperature 

Reverse Current .............. ee eee Tee 10mA ICES06IG? ius oO eae Leeda aue ee ns o°C to + 70°C 

Power Dissipation ............... ese eee Limited by max ICLB0GOM cciisiecuieaes eRe esate a momen —55°C to + 125°C 
forward/reverse current Lead Temperature (Soldering, 10sec) ............. 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the aca a eal is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS  (Ta= 25°C unless otherwise noted) 


Characteristics TestConditions | Min | typ | Max | Units 
Reverse breakdown Voltage | __In= 500A cece on eee ee 


Reverse breakdown 50uA<Iin<5mA 
Voltage change 


Reverse dynamic impedance IR=50pA 
IR=500nA 


Forward Voltage Drop I= 500HA ae 
RMS Noise Voltage 10Hz<f< 10kHz 
: In= 500nA 
Long Term Stability IRp=4.75mMA 
_ ne 2 Ta=25°C ee 
Ta = operating | 
ICL8069C Temperature range 


Breakdown voltage 
ICL8069D (Note 3) 


Temperature coefficient 
. Reverse Current Range 1.18V to 1.27V 


IR=500pnA 


8-Lead SOIC Package 


Figure 2: Pin Configurations 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE CHANGE AS A 
FUNCTION OF REVERSE CURRENT 


REVERSE CURRENT 


OUTPUT VOLTAGE CHANGE (mV) 


10uA 100A mA 10mA 
REVERSE CURRENT 


0327-6 


10mA 


1ImA 


100A 


10uA 


TA 


4 & 8&8 1.0 
REVERSE VOLTAGE (V) 


REVERSE VOLTAGE ASA 
FUNCTION OF CURRENT 


0327-7 


OUTPUT VOLTAGE (V) 


ICL8069 


REVERSE VOLTAGE ASA 
FUNCTION OF TEMPERATURE 


1.245 


30 -25 O +25 +50 +75 +100 +125 
TEMPERATURE (°C) 


0327-8 


Notes: 1) If circuit strays in excess of 200pF are anticipated, a 4.74F shunt capacitor will ensure stability under ail operating conditions. 


2) In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture, an instantaneous 


voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V. 


3) For the military part, measurements are made at 25°C, —55°C, and + 125°C. The unit is then classified as a function of the worst case T.C. from 25°C to 


— 55°C, or 25°C to + 125°C. 


NOTE: All typical values have been characterized but are not tested. 
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ICL8069 


DATA, ACQUISITION 


DATA COMMUNICATIONS 


ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver ...................00. 13-2 


ICL232 


GENERAL DESCRIPTION 
The ICL232 is a dual RS-232 transmitter/receiver inter- 


face circuit that meets all EIA RS-232C specifications. It . 


requires a single +5V power supply, and features two on- 
board charge pump voltage converters which generate 
+10V and —10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to +30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 


Typical Applications 

Any System Requiring RS-232 Communications Port:.. 
© Computers—Portable and Mainframe 

® Peripherals—Printers and Terminals 

© Portable Instrumentation 

© Modems 

© Dataloggers 


ORDERING INFORMATION 

pore | Re | eae 
°C to + 70°C 
fea | [ema 
| IcL23208 | | 16 Pin SOIC (WB) | 
-40°C to + 85°C 
| loues2ve | | 16PinCERDIP | 
| IoL2saIBE [16 Pin SOIC (WB) 
=55°Cto +126°C | 16PinCERDIP_| 


Outline Drawing (PE, JE) 


Figure 1: Pin Configurations 


ICL232 


+5 Volt Powered Dual RS-232 


Transmitter/Receiver 


FEATURES 

© Meets All RS-232C Specifications 

© Requires Only Single +5V Power Supply 
© Onboard Voltage Quadrupler 

® Low Power Consumption 


© 2 Drivers - 
—+9V Output Swing for + 5V Input 
-—-300 Ohms Power-off Source Impedance 
—OQOutput Current Limiting 
—TTL/CMOS Compatible 
—30 V/us Maximum Siew Rate 


© 2 Receivers . 
—=+30V Input Voitage Range 
—3 to 7 kohms Input Impedance 
—0.5V Hysteresis to Improve Noise Rejection 

® All Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 


SOIC Package (BE) 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301600-003 


NOTE: All typical values have been characterized but are not tested. 13-2 


ABSOLUTE MAXIMUM RATINGS 


Voc to ground ............... (GND — 0.3V) < Voc < 6V 
V+ to ground ..............4. (Vcc — 0.3V) < Vt < 12V 
V= tO QIOUNG, «..5¢se25083 as ~12V<V < (GND + 0.3V) 
Input Voltages 
Tin, Vein vekxees wets (V~ — 0.8V) < Vin < (Vt + 0.3V) 
Bliguticin: sues teow seein ra eee aas heen een sas + 30V 
Output Voltages 


T1lout: T2out --(V~ — 0.3V) < Vrxour < (Vt + 0.3V) 
MOUTH COUT 2808 ae oie Sow terndet ta exee Se eters 


Short Circuit Duration 


ICL232 


SO Package: 245s erae ea ewer ed evecde hk eamaeos 375 mW 
derate —7.0 mW/°C above 70°C 
Storage Temperature Range........... —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec)............ + 300°C 
Operating Temperature Range 
[OL 2A2C esi eset hi Decrees weet 0°C to + 70°C 
CL28 2 ll 2c toe andseneuvawe res Hee — 40°C to + 85°C 
IGE 22 Med eyed cotta path aul ee wn nets — 55°C to + 125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to tha device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended pern- 


VIGO MeOUT Ac xate se wian ineehee eaner es Continuous ods may affect device reliability. 
FIGUG MCOUT o8esaeseen Uisieasouessennas Continuous 
Continuous. Total Power Dissipation (Ta = 25°C) 
CERDIP Package xc. h5 cures ceaemeet eoee os 500mW 
derate —9.5 mW/°C above 70°C 
Plastic Package’. scki4445 esac se See deeeneues 375mW 


derate —7.0 mW/°C above 70°C 
ELECTRICAL CHARACTERISTICS Test Conditions: Vocg = +5V +10%, Ta = operating temperature range, 


Test Circuit as in Figure 3 (unless otherwise specified) 


jemoot | Paamet 
Tout Transmitter Output Voltage Swing T1out and T2ouT loaded with 
3 kf to ground 


Mu | Tin inputlogictow | 
Vin | Tininputogicigh | 
[lp | Logic Pullup Current | Tin, Tn = OV 
Vin 


Test Conditions 


Vin | RS-2a2InputVoltageRange | 
[Rin | Receiver Inputimpedance | Vin= 28V 
Receiver Input High Threshold 
[Vist | Receiverinputtiysteresis | 
Vor__| TTL/CMOS Receiver Output Voltage Low | lou = 3.2mMA 
Von __| TTL/CMOS Receiver Output Voltage High | lur=-10mA | 8 
‘tea | Propagation Delay —=S*S*«dCXRS DAO TTL or TTLCO'G-ZOD 


VoL 
VOH 
Instantaneous Slew Rate CL = 10 pF, Rp = 3kn, 
Ta = 25°C (Note 1, 2) 
Transition Region Slew Rate RL = 3k, CL = 2500 pF Measured 
from +3V to —3V or —3V to +3V 
ioe 


— + 
NO on 
one 
on 


oi 


Output Resistance Veo = V+ = V— = OV, Vout = £2V 
RS-232 Output Short Circuit Current T1out Or T2out Shorted to GND 


NOTE 1: Guaranteed by design. 
2: See Figure 5 for definition. 


NOTE: All typical values have been characterized but are not tested. 
13-3 


ICL232 


ICL232 


ICL232 


+4,5V TO 


C35 


“fl 
1: 

22 pF 7 
Ei 


Cl. 


Tt OUTPUT 
RS-232 = 
22 pF + IN 30V INPUT 


ICL232 
C2] oo , TIL / CMOS 


Za CA au 
“rely. TIL / CMOS 
tv INPUT 
3ka— 
= TIL / CMOS 
Tout Ty ae 
= 12 ourpur < 
= “Rs-232 


TIL / CMOS 
£30V INPUT BY R2y Rout PS 


OUTPUT 


0100-3 
Figure 3: General Test Circuit 


Figure 4: Power-Off Source Resistance 
Configuration 


TYPICAL PERFORMANCE CHARACTERISTICS 
V+, V~— Output Voltages vs Load 


- V+, V~ Output Impedances vs Vcc oe Current 


. eel Trete [T 
3 in@n, 4 
m = Gps: 
2 = ST 
3 8 UNS 
ud LOAD 1kQ BETWEEN < 
= v* + GND OR V~ + GND = 
> > 
= — 
a a 
2 — 
” ae) 
L oO 
% 

012 3 45 6 7 8 9 10 

_ INPUT SUPPLY VOLTAGE Vcc (VOLTS) _ ss loap| (mA) 
0100-5 . 0100-6 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The ICL232 is a dual RS-232 transmitter/receiver pow- 
ered by a single + 5V power supply which meets all EIA RS- 
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele- 
ments of the ICL232. The circuit is divided into three sec- 
tions: a voltage quadrupler, dual transmitters, and dual re- 
ceivers. 


Voltage Converter 


An equivalent circuit of the dual charge pump is illustrated 
in Figure 5. 


The voltage quadrupler contains two charge pumps which 
use two phases of an internally generated clock to generate 
+10V and —10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor C1 is charged to 
Vec. During phase two, the voltage on C1 is added to V¢q, 
producing a signal across C2 equal to twice Vcc. At the 
same time, C3 is also charged to 2Vo¢c, and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to —2V¢>. The voltage converter 
accepts input voltages up to 5.5V. The output impedance of 
the doubler (V+) is approximately 200 ohms, and the output 
impedance of the inverter (V—) is approximately 450 ohms. 
Typical graphs are presented which show the voltage con- 
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac- 
itors for C1-C4, however, the value is not critical. Increasing 
the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the V+ and V— supplies. 


RC 
OSCILLATOR 


Figure 5: Dual Charge Pump 


NOTE: All typical values have been characterized but are not tested. 


VOLTAGE 
LEVEL 
TRANSLATOR 
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ICL232 


VoL 


Tout Tour 


0100-7 


(0.8) (Voh — Voi) Be (0.8) (Voi — Von) 
tr ty 


Figure 6: Slew Rate Definition 


Instantaneous Slew Rate (SR) = 


Transmitters 


The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input log- 
ic threshold is about 26% of Vee, or 1.3V for Veg = 5V. A 
logic 1 at the input results in a voltage of between —5V and 
V— at the output, and a logic 0 results in a voltage between 
+ 5V and (V+ —0.6V). Each transmitter input has an inter- 
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
+5V minimum with the worst case conditions of: both trans- 
mitters driving 3kohm minimum load _ impedance, 
Vec = 4.5V, and maximum allowable operating tempera- 
ture. The transmitters have an internally limited output slew 
rate which is less than 30V/us. The outputs are short circuit 
protected and can be shorted to ground indofinitoly. The 
powered down output impedanco is a minimum of 300 
ohms with +2V applied to the outputs and Voc = OV. 


>; 
$2 


0100-12 


ICL232 


ICL232 


TyIn 


OUT 
Y= 


_ Figure 7: Transmitter 


Receivers 


The receiver inputs accept up to +30V while presenting 
the required 3 to 7 kilohms input impedance even if the 
power is off (Vp.-=O0V). The receivers have a typical input 
threshold of 1.3V which is within the +3V limits, known as 
the transition region, of the RS-232 specification. The re- 
ceiver output is OV to Voc. The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +0.8V and —30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 


Voc © 
Ryiy C © Rout 


-30V < Ryin < +30V GND < VRrout < Yoo 


GND © 


0100-14 
Figure 8: Receiver 


ICL232 


| 

N 
TP 
TU 
LT 
/ 8s 
Co 
MU 
OT 
SP 
U 
T 
S$ 


ICL232 


THs Fy 


OR 
Rts R2ny 


Tout T2out 


R1 out R2out 
toni toin 


ton + t 
Average Propagation Delay = er 


Figure 9: Propagation Delay Definition 


APPLICATIONS 


The ICL232 may be used for all RS-232 date terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications Beene? 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5 kN. resistor con- 
nected to Vt. 

In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef- 
fectively increases the output swing of the transmitters. 


DTR (20) DATA 
TERMINAL READY 


DSRS (24) DATA 
SIGNALING RATE SELECT 


RS = 232 
INPUTS & OUTPUTS 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 


CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


0100-9 


Figure 10: Simple Duplex RS-232 Port with CTS/ RTS Handshaking 


NOTE: All typical values have been characterized but are not tested. 


ICL232 


ICL232 


+02 
5 T= 22 uF 


oon 
fm 


TD (2) TRANSMIT DATA 


MN 


RTS (4) REQUEST TO SEND 


~ 
WN 


RD (3) RECEIVE DATA 


N 
TP 
TU 
LT 
/ 8 
Co 
My 
OT 
3 Pp 
U 
T 
S 


Sc 
are 
ee 
eT 


CTS (5) CLEAR TO SEND 


—_ 
on 


— 
mn 


RS = 232 
INPUTS & OUTPUTS 


+02 
= 22 uF 


—_ 
ae. 


DTR (20) DATA TERMINAL READY 


_ 
So 


(0, i i omtiie © i i emt @ ) Ax cS 

2» 8 

wo 
t ) 
é f 

t ) 
x 
iN y 
[e <] 


~ 


DSRS (24) DATA SIGNALING RATE SELECT 


— 
ioe) 
pare 
Ww 


DCD (8) DATA CARRIER DETECT 


nOraonNras 


RI (22) RING INDICATOR 


SIGNAL GROUND (7) 


0100-10 
Figure 11: Combining Two ICL232’s for 4 Pairs of RS-232 Inputs and Outputs 


NOTE: All typical values have been characterized but are not tested. 
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DAT, ACQUISITION 


MEMORY 


IM6653 4096-Bit CMOS UV EPROM ........... 20... 0. ccc eens 14-2 
IM6654 4096-Bit CMOS UV’EPROM .............. eee eee eee teen enn 14-2 


IMN6653/IM6654 


GENERAL DESCRIPTION 


_ The Harris IM6653 and IM6654 are fully decoded 4096 bit 
CMOS electrically programmable ROMs (EPROMs) fabri- 
cated with Harris’ advanced CMOS processing technology. 


_ Inall static states these devices exhibit the microwatt power 


_| IM6653/4AMJG* | —55°C to + 125°C | 24-Pin CERDIP 


dissipation typical of CMOS. Inputs and three-state outputs 
are TTL compatible and allow for direct interface with com- 
mon system bus structures. On-chip address registers and 
chip select functions simplify system interfacing require- 
ments. 


The IM6653 and IM6654 are specifically designed for pro- 
gram development applications where rapid turn-around for 
program changes is required. The devices may be. erased 
by exposing their transparent lids to ultra-violet light, and 
then re-programmed. 


ORDERING INFORMATION 


Part Temperature pacinae 
Number Range oa 
IM6653/4IJG — 40°C to + 85°C | 24-Pin CERDIP 
IM6653/4-11JG — 40°C to +85°C | 24-Pin CERDIP 


IM6653/4AIJG —40°C to + 85°C | 24-Pin CERDIP 


IM6653/4MJG* — 56°C to + 125°C | 24-Pin CERDIP 


* Add /HR for HiRel processing 


Ag Aro 
OR PROGRAM 


Ags, E2 


ADORESS 
LATCH 


O Vec 


X-DECODER 


OUTPUT BUFFER 


0375-1 


Figure 1: Functional Diagram 


_IM6653/IM6654 
4096-Bit CMOS UV EPROM 


FEATURES 


® Organization — IM6653: 10244 
IM6654: 5128 


@ Low Power — 770u,W Maximum Standby 

© High Speed 
—300ns 10V Access Time For IM6653/54 Al 
—450ns 5V Access Time For IM6653/54-1I 


® Single + 5V Supply Operation 
© UV Erasable | | 
© Synchronous Operation For Low Power Dissipation 


© Three-State Outputs and Chip Select for Easy 
System Expansion 


0375-3 


0375-2 


Figure 2: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 
NOTE: All typical values have been characterized but are not tested. 


16002 


ABSOLUTE MAXIMUM RATINGS (IM6653/54 I, -11, M) 

Supply Voltages Storage Temperature Range .......... —65°C to + 150°C 
Vig Vise carinii astecneeeat botac naw aeeeate: +8.0V Lead Temperature (Soldering, 10sec) ............. 300°C 
VGCHVSS" hia Pier Gat ete eae eae Gee sues +8.0V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 

Input or Output Voltage ..... (Vsg —0.3V) to (Vpp +0.3V) may cause permanent damage to the device. These are stress ratings only 

Operating Range Range (Ta) and functional operation of the device at these or any .other conditions~ 
Industrial ...... ccc ccccccccccccccce. —40°C to +85°C above those indicated in the operational sections of the specifications is not 
Military —~55°C to + 125°C implied. Exposure to absolute maximum rating conditions for extended peri- 


ods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 
(Vcc=Vpp =5V +10% Vss=O0V, Ta = Operating Temperature Range) 


Test 
Symbol Parameter Conditions 


Logical “1” Input Voltage Vop~2.0 


IM6653/541, ~—11, M 


i) 
NJ 


a eee Address Pins 
| Mu | Logical “o” inputvortage | 


VIH 
ViL 
i es Input Leakage GND<Vin<Vpp 
Logical ‘‘1”” Output Voltage lIoH= —0.2mA 
Logical ‘‘0’’ Output Voltage lor =2.0mA 
loc 
C 
Co 


ro) 
= 
> 


2.4 
Output Leakage GND<Vo<Vcc —1.0 


Standby Supply Current 
at ae 
| top | Operating Supply Current (1) 


| | Input Capacitance 
| Go| Output Capacitance 


Note: 1. For design reference only, not 100% tested. 


AC ELECTRICAL CHARACTERISTICS. 
(Vcc = Vpp =5V +10% Vss=OV, C, = 50pf, Ta = Operating Temperature Range) 


IM6653/54-1I IM6653/54 I 11IM6653/54 M 
Parameter 


| Min 
TE;LQV | AccessTimeFromEy | 
| TsLav_| OutputenableTime | 
Output Disable Time ne 
E, Pulse Width (Positive) 
E, Pulse Width (Negative) 
ome 

Leos 

po 

| 80 


10 


O16 
3 = 
> > 


=) 
TS 
Tn 


"Chip Enable Hold Time (6654) 


NOTE: All typical values have been characterized but are not tested. 
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IM6653/IM6654 


IM6653/IM6654 


TE,LAX Address Hold Time 
| TEsVEqL Chip Enable Setup Time (6654) 


IMG653/IM6654 


ABSOLUTE MAXIMUM RATINGS (1M6653/54Al, AM) 


Supply Voltages Storage Temperature Range .......... — 65°C to + 150°C 
Vip Vee - ois bnucceua artic anus ciacteuss): +41.0V Lead Temperature (Soldering, 10sec) ............. 300°C 
VEOH VSS eb cdiue eet neha se ieee aw eend ey +11.0V NOTE: Stresses above those listed under “Absolute Maximum Ratings” 

Input or Output Voltage ..... (Vss —0.3V) to (Vpp +0.3V) may cause permanent damage to the device. These are stress ratings only 

Operating Temperature Range and functional operation of the device at these or any other conditions 
Industrial ........cccecccccccccencce —40°C to + 85°C above those indicated in the operational sections of the specifications is not 
Military -. —5B°C to + 125°C implied. Exposure to absolute maximum rating conditions for extended peri- 


ods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 
(Vcc = Vop = 4.5V to 10.5V Vsg = OV, Ta = Operational Temperature Range) 


| Logical” InputVoltage | ES 
po dress Pins 

Logical ‘‘0” Input Voltage in See 
| InputLeakage | GNDSVivsVpp_ | =1.0__ 


—1.0 


Input Capacitance 
Output Capacitance 


Note: 1. For design reference only, not 100% tested. 


AC ELECTRICAL CHARACTERISTICS 
(Vcc=Vpp = 10V +5% Vss=OV, CL = 50pf, Ta = Operating Temperature Range) 


IM6653/54 Al IM6653/54 AM 
Parameter ew | 


| Min | 
| Access TimerromE, | 
| TsLav | OutputnableTime | 
| TEHOZ | Output DisableTime | 
, Eo 

I | 60 | 

i Le 

| 60 


| Max 
| 300 
| 60 
Peed 
ae 
booed 
eae aed 
eens 
ae 
a 


TE,LEoX Chip Enable Hold Time (6654) 


NOTE: All typical values have been characterized but are not tested. 
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PIN ASSIGNMENTS 


1-823 Address Lines 


9-11, 13-17 Qo-Q7 Data Out lines, 6654 
Qo-Q3 Data Out lines, 6653 


Peet Negative Supply 
| Vp of Chip positive supply, normally tied to Vcc 
i 


IM6653/IMG654 


3 
L Chip enable line, latched by Chip enable E; on 6654 
[vec | = | Outputbutferpositive supply 


READ MODE OPERATION 


In a typical READ operation address lines and chip en- 
able Eo* are latched by the falling edge of chip enable E, TE\LEsH 
(T=0). Valid data appears at the outputs one access time eee Tetay 
(TELQV) later, provided level-sensitive chip select line S is 
low (T=3). Data remains valid until either E; or S returns to 
a high level (T=4). Outputs are then forced to a high-Z , 
state. ay 


a. se es oa 
Address lines and Es must be valid one setup time before dade i — 


(TAVEL), and one hold time after (TELAX), the falling edge & WWW 


of E; starting the read cycle. Before becoming valid, Q out- 
put lines become active (T= 2). The Q output lines return to 
a high-Z state one output disable time (TE;HQZ) after any 
rising edge on E; or S. 

The program line remains high throughout the READ cy- 


cle. 5V 
Chip enable line E; must remain high one minimum posi- | : | | | | i | | 
tive pulse width (TEHEL) before the next cycle can begin. my . ’ ne 2 


"Ag [M6653 only, E2 M6654 only 


von 


Figure 3: Read Cycle Timing 


FUNCTION TABLE 


Time | inputs | Outputs 

ner | et | ee | se | a] 

~1 DEVICE INACTIVE 

CYCLE BEGINS; ADDRESSES, E2 LATCHED* 


INTERNAL OPERATIONS ONLY 


| 


OUTPUTS VALID AFTER ACCESS TIME 
READ COMPLETE 
CYCLE ENDS (SAME AS — 1) 


guage 


NOTE: Ail typical values have been characterized but are not tested. 
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IMG6653/IM6654 


l va Data Input Low Voltage 


TE,HE,L . Strobe Pulse Width 


IM6653/IM6654 


\ 1eLPH ol 


ee eee 


Figure 4: Read and Program Cycle Timing 


DC CHARACTERISTICS FOR PROGRAMMING OPERATION 
(Vcc=Vpp= 5V £5% Vss= OV,” Ta= 25°C) 


Parameter Test 
Conditions 


ProgramPintoadGurent | | 
ProgrammingPulse Amplitude | | 38 | 40 | 42 |v 


| lpRog 

| toc | Voc Curent 

| too | YooGurent | 

| Vina | Address input High Vottage | 

| Via | AddressinputLowVottage | 

pV i Bae oe ee 
es 


Icc 

ILA 
Vin Data Input High Voltage 
VIL 


AC CHARACTERISTICS FOR PROGRAMMING OPERATION 
(Vcc=Vpp= 5V £5% Vss=OV, Ta = 25°) 


[nme | atte [= | m 
18 
| Program PulseDutyCycle | 
| DataSetupTime =| 


150 
TE, LE4X Address Hold Time 100 
TE;LQV 


TAVE,L Address Setup Time Ree 


NOTE: All typical values have been characterized but are not tested. 
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PROGRAM MODE OPERATION 


Initially, all 4096 bits of the EPROM are in the logic one 
(output high) state. Selective programming of proper bit lo- 
cations to “‘O’’s is performed electrically. 


In the PROGRAM mode for all EPROMs, Vcc and Vpp 
are tied together to a + 5V operating supply. High logic lev- 
els at all of the appropriate chip inputs and outputs must be 
set at Vpp —2V minimum. Low logic levels must be set at 
Vss +0.8V maximum. Addressing of the desired location in 
PROGRAM mode is done as in the READ mode. Address 
and data lines are set at the desired logic levels, and PRO- 
GRAM and chip select (S) pins are set high. The address is 
latched by the downward edge on the strobe line (E;). Dur- 
ing valid DATA IN time, the PROGRAM pin is pulsed from 
Vpp to —40V. This pulse initiates the programming of the 
device to the levels set on the data outputs. Duty cycle limi- 
tations are specified from chip heat dissipation considera- 
tions. PULSE RISE AND FALL TIMES MUST NOT BE 
FASTER THAN 5uys. 


Intelligent programmer equipment with successive 
READ/PROGRAM/VERIFY sequences is recommended. 


PROGRAMMING SYSTEM 
CHARACTERISTICS 


1. During programming the power supply should be ca- 
pable of limiting peak instantaneous current to 
100mA. 


NOTE: All typical values have been characterized but are not tested. 
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2. The programming pin is driven from Vpp to —40 
volts (+2V) by pulses of 20 milliseconds duration. 
These pulses should be applied in the sequence 
shown in the flow chart. Pulse rise and fall times of 
10 microseconds are recommended. Note that any 
individual location may be programmed at any time. 


3. | Addresses and data should be presented to the de- 
vice within the recommended setup/hold time and 
high/low logic level margins. Both “A’’ (10V) and 
non ‘‘A” EPROMs are programmed at Vcc, Vpp of 
5V +5%. 


4. Programming is to be done at room temperature. 


ERASING PROCEDURE 


The IM6653/54 are erased by exposure to high intensity 
short-wave ultraviolet light at a wavelength of 2537A. The 
recommended integrated dose (i.e., UV intensity x exposure 
time) is 10W sec/cm2. The lamps should be used without 
short-wave filters, and the IM6653/54 to be erased should 
be placed about one inch away from the lamp tubes. For 
best results it is recommended that the device remain inac- 
tive for 5 minutes after erasure, before reprogramming. 


The erasing effect of UV light is cumulative. Care should 
be taken to protect EPROMs from exposure to direct sun- 
light or fluorescent lamps radiating UV light in the 2000A to 
4000A range. 


IM6653/IM6654 


IMN6653/IM6654 


IM6653/IM6654 


POWER DOWN 
ALL INPUTS, 


Vee. 
Vie = Voc = GND 


REAO THROUGH 
ALL AOORESSES 
TO VERIFY ALL 
1S (ERASED) AT SV 


PROGRAMMED? 


PROGRAM SAME 
LOCATION 4 
MORE TIMES 


0375-6 
Figure 5: Programming Flow Chart 


NOTE: All typical values have been characterized but are not tested. 
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+ 
) 
© 
© 
= 
=~ 
© 
i) 
© 
© 
= 


£18 /8/2]/8/s}8)S 


21 


(M6654 
S12x8 
CMOS EPROM 


00 
o1 
02 
03 
04 
os 
os 
o7 


Figure 7: Using IM6654 CMOS EPROM To Extend Program Memory 


NOTE: All typical values have been characterized but are not tested. 
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PACKAGING INFORMATION 


Ordering and. Packaging: Inlormation :.4:25 e.c< taste wie Fort ale Rea Saeko OS RR Reo eR eS 15-2 


Part Number Descriptions 


In December 1988, Harris acquired the General Electric Solid State division thereby 
adding former RCA, Intersil, and GE products to the total Harris Semiconductor port- 
folio. The three which apply to Data Acquisition products are shown below. 


Part number descriptions are on the following pages. 


HARRIS SEMICONDUCTOR. - . 
PART NUMBER DESCRIPTIONS - | 


PART NUMBER | 
PART ORIGIN/GROUP DESCRIPTION 


Harris-Origin Devices 
RCA-Origin Devices PB 
n Dev 


Intersil-Origin Devices 
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Part Number Description A 


Prefix Device Suffix Family: 

Analog 
Ht 38 - 751 - 5 Communications 
Digital 
Interface 
Memory 
Programmable Logic 
Military/Aerospace 
High Voltage 


Family 


<nrZz_9090>7> 


Package 


. Temperature 
Package: 


1: Ceramic DIP 

1B: Brazed Seal 

2: TO-5 

3: Epoxy DIP 

4: Leadless Carriers 
AP: Plastic Leaded Chip Carrier 
5: Ceramic Substrate 
7: Mini DIP 

9: Flat Pack 

QP: Small Outline 

0: Chip Form 


Temperature: 
1: -55°C to +200°C 
2: -55°C to +125°C 
4: -25°C to +85°C 
5: O0°C to +75°C 
6: 100% 25°C Probe (Dice Only) 
7: 0°C to +75°C with 96 hour burn-in 
8 
9 


Dash 8 Program; hi-rel processing with burn-in 
: -40°C to +85°C 
9+: -40°C to +85°C with burn-in 


Part Number Description B 


Prefix Device Suffix Prefix: 
CA: Linear ICs 
CA 3306 A E 
Package: 
D: Ceramic DIP 
E: Plastic DIP 
Device Type F: CERDIP 
H: Chip 
Electrical Option J: 3-Layer Ceramic Leadless Chip Carrier 
| K: Ceramic Flat Package 
Package , , 
eae L: Single Layer Ceramic Leadless Chip Carrier 
M: Small-Outline Plastic Package 
Q: Plastic-Chip-Carrier Package 
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Part Number Description C 


Prefix Device Suffix Prefix: 
AD: Analog Devices Alternate Source 
ICL 7115 J C DL ADC: National Semiconductor Alternate Source 


DG: Siliconix Alternate Source 
ICL: Linear IC 

ICM: Microperipheral IC 

IH: Analog Switch Family 
IM: Microcontroller IC 


Device Family 
Basic Device Type 
Electrical Option 


Temperature Range 


Temperature Range: 
C: Commercial: 0°C to 70°C 
|: Industrial: -25°C to 85°C or -40°C to 85°C 
(Specified on Datasheet) 
M: Military: -55°C to +125°C 


Package 


Number of Pins 
Package: 


SOIC 

Ceramic (Side-Brazed) Dual-In-Line 
Ceramic Flat-Pack 

16-Pin (.6 x .7 Pin Spacing) Hermetic Hybrid DIP 
CERDIP Dual-In-Line 

Leadless Ceramic Quad-Pack 
Plastic Quad-Pack (PQFP) 

Plastic Dual-In-Line 

TO-52 

TO-5 (Also TO-78, TO-99, TO-100) 
TO-72 (Also TO-18, TO-71) 

TO-92 

Wafer 

Dice 


Exceptions to Package-Type Designators 


DG (Analog Switch & MUX) Series 

10-Pin Metal Can 

14-Pin Flat Pack 

Ceramic (Dual-In-Line Package (Special Order Only) 
CERDIP 


Pin-Count Designators 


Suffix. | Number of Pins 
8 


SESncanwyere¢-798 


10 (0.230" pin circle, isolated case) 
44 


> mDuerrenRexe-—-rmomnmoonw xp 
= 


SOIC 


AD (D/A Converter) Series 

T0-52 

CERDIP Ceramic Dual-in-Line Package 
Epoxy Dual-in-Line Package 

TO-92 
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ORDERING INFORMATION 


Part Number Systems Examples 


40 PINS ON PACKAGE 

PLASTIC DUAL-IN-LINE PACKAGE 
0° TO +70°C TEMPERATURE RANGE 
BASIC PART NUMBER 

IC FAMILY DEVICE 


Example 1 


ICL 71145 JC DL 


L 40 PINS ON PACKAGE 


CERAMIC (SIDE BRAZE) DUAL-IN-LINE 
PACKAGE 


0° TO +70°C TEMPERATURE RANGE 
ELECTRICAL OPTION 

BASIC PART NUMBER 

IC FAMILY DEVICE 


Example 3 


ICM 7170 | DG 


IH 5009 MD D 
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24 PINS ON PACKAGE 

CERAMIC (SIDE BRAZE) DUAL-IN-LINE PACKAGE 
-40° TO +85°C TEMPERATURE RANGE 

BASIC PART NUMBER 

IC FAMILY DEVICE 


Example 2 


14 PINS ON PACKAGE 

CERAMIC (SIDE BRAZE) DUAL-IN-LINE PACKAGE 
-55° TO +125°C TEMPERATURE RANGE 

BASIC PART NUMBER | 

IC FAMILY DEVICE 


Example 4 


ORDERING INFORMATION 


Part Number Systems Examples (continued) 


CA 3306 AE Hi 3 7151 J 5 


| 0° TO +75°C TEMPERATURE RANGE 
18-PIN PLASTIC > ELECTRICAL OPTION 


ELECTRICAL OPTION BASIC PART NUMBER 
BASIC PART NUMBER PLASTIC DUAL-IN-LINE PACKAGE 


IC FAMILY DEVICE IC FAMILY DEVICE 


Example 5 Example 6 


DG i181 AA AD 7541 K N 


10-PIN METAL CAN 


0° TO +125°C TEMPERATURE RANGE 
BASIC PART NUMBER 
IC FAMILY DEVICE 


- PLASTIC DUAL-IN-LINE PACKAGE 

ELECTRICAL OPTIONS, 0° TO +70°C TEMP RANGE 
BASIC PART NUMBER © 

ALTERNATE FAMILY DEVICE 


Example 7 


Example 8 


PACKAGE OUTLINES Ali dimensions given in inches and (millimeters). 


0.209—0.219 
(5.309— 5.563) 


0.178—0.191 191 0.142— 0.150 
(4.521—4.851) | | (3.607 — 3.810) 
| 
SEATING aes 


0.030 
om 0] 
MAX 0.500 


0.016—0.019 | | ao 
).019 12.70 
(0406—0.403) <7) 


ee 


0.100 
(2. (2.540) 


0.036 —0.046 0.028—0.048 


(0.914-1. aaa NG (0.711—1.219) 


TO-52 (SQ*, SR) 


105 (2.267) 
095 (2.413) 


021 (533) pin (3 055 (1.397) 095 
16 (406) "A (9) ie ¢a05) DIA (3) | 945 (1.143) (2.413) 


.205 (5.207) 
175 (4.445) 
DIA 


210 (5.334) 
170 (4.318) 500 (12.700) MIN 


| 
150 (3.810) MAX 
060 (1.524) 
a .250 (6.350) ws 035 (889) 


SEATING PLANE 


TO-92 (ZR) 


“SQ denotes a two lead package; center lead missing. 


PACKAGE OUTLINES All dimensions given in inches and (millimeters). 


0.350-—0.370 
(8.890 —9.398) 


DIA 0.315—0.335, 
: : | (8.001 — 8.509) 
DIA 


0.165—0.185 
(4.191—4.699) ‘ 


—— INSULATOR 
4 .010—0.040 
(.254— 1.016) 


0.016—0.019 
(0.406—0.483) 


0.200 


0.029—0.045 


(0.737 —1.143) 
0.028—0.0 


(0.711—0. nae 4 


45° EQUALLY | 
SPACED ->|_ 


_TO-99 (TV, TY) 


0.370— 0.350 


0.335 — 0.315 


+ 
(9.398 — 8.890) 
(8.509 — 8.001) DIA 
DIA 
0.040 
(1.016) Sa 


MAX | 0.185 — 0.165 


SEATING (4.699 — 4.191) 


PLANE 
0.500 


woe (OM 
- 


0.019— 0.016 .010— 0.040 
(0.483 — 0.406) (.254— 1.016) . 


0.034 — 0.028 
(0.864 —0.711) = 
0.045— 0.029 \— STAND OFF 


(1.143 — 0.737) 


.230 PCD TO-99 (TZ) 


15-8 


PACKAGE OUTLINES Alldimensions given in inches and (millimeters). 


040 
(1.018) 


oe 


ft 


<—— 
(°.398—8.509) 


Figure A 


BOTTOM VIEW 


PKG.| LEAD | DIM. | DIM. | DIM. DIM. 
CODE|COUNT} A_| @B | OD E 


10 .016 .020 .028 .028 
TO-100 .018 .040 .034 .040 


TO-100 METAL CAN 


Figure B 


|_ _.335—.305 
| (8.509 —7.747) 

A 
—.185—.165_ 
| (4.699 —4.191) 

y 


-010—.041 


eet 3500 
wae (.254—1.016) 72-799) MIN 
.019—.016 DIA | 


(.483—.406) 


-_ 
\ 
3 


.230 
<_———__ » 
(5.842) 


-045 —.029 


* Solder dip finish add +0.003 inches. 


TO-100 METAL CAN LIST 


HI-200 
HI-300 
HI-301 
HI-304 
HI-305 
HI-381 
HI-387 


DG180,181,182, 
186,187,188 

DG200 

DG300-301 


IH5341 


TO-100 
TO-100 
TO-100 
TQ-100 
TO-100 
TO-100 
TO-100 


TO-100 


TO-100 
TO-100 


TO-100 


Figure A 
Figure A 
Figure A 
Figure A 
Figure A 
Figure A 
Figure A 


Figure B 


Figure B 
Figure B 


Figure B 


ss aX 
NN 
~ 


6° “SS oS 

7 SF 143—=.737) 
0.34—0.28 
(864—.711) 


: : Min . ; we 
NOTE: Dimensions are ra Dimensions are in inches. 
ax 


TO-100 (TW, TX) 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 


559 + 012 
14.20 +03 2 PLES). ——_____» 


.394 + .010 
(1.0+0.2) 


UUM |} a 
(0.8) 


NON-ACCUMULATIVE 


7 TYP 


2 PLCS ————> 


ul 014+.004 


(0.3520.1) YP 


3 


t 
a 
016 
<-> CHAMFER 
(0.4) Typ | | | | | Hl | | | | 


q 


085 
(1.5) sisi ; NOTES: 


1. PART MUST COMPLY TO SPECIFICATION. 
035+.004 2. DIMENSIONS IN PARENTHESIS ARE IN MILLIMETERS. . 
f (0.9+0.1) 3. PART IS SYMMETRICAL ABOUT THE CENTERLINES (Q_) SHOWN. 


[aE Pere at 
J OPI AIOTAIOI OIA — 606 m6t-0 
A +. 


hd 032 + .012 TYP — 000 
(1.1 40.3) 


44 LEAD PLASTIC FLATPACK (M44, PQFP) 
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14, 16, and 20 Pin CERDIP Packages (only) 


Package Designator by MSI, SSI, LSI 


AD7520 MSI 16-PIN CERDIP HI-5043 SSI 16-PIN CERDIP 
AD7523 MSI 16-PIN CERDIP HI-5044 SS! 16-PIN CERDIP 
AD7530 MSI 16-PIN CERDIP HI-5045 SSI 16-PIN CERDIP 
ADC0802 MSI 20-PIN CERDIP HI-5046 SS! 16-PIN CERDIP 
ADC0803 MSI 20-PIN CERDIP HI-5046A SSI 16-PIN CERDIP 
ADC0804 MSI 20-PIN CERDIP HI-5047 SSI 16-PIN CERDIP 
DG200 LSI 14-PIN CERDIP HI-5047A SSI 16-PIN CERDIP 
DG201 LSI 16-PIN CERDIP HI-5048 SS! 16-PIN CERDIP 
DG201A MSI 16-PIN CERDIP HI-5049 SSsl 16-PIN CERDIP 
DG202 MSI 16-PIN CERDIP HI-5050 SS! 16-PIN CERDIP 
DG300 LSI 14-PIN CERDIP HI-5051 SSI 16-PIN CERDIP 
DG301 LSI 14-PIN CERDIP HI-201HS MSI 16-PIN CERDIP 
DG302 LSI 14-PIN CERDIP ICL232 MSI 16-PIN CERDIP 
DG303 LSI! 14-PIN CERDIP ICL8052 LSI 14-PIN CERDIP 
DG308A MSI 16-PIN CERDIP ICL8068 LSI 14-PIN CERDIP 
DG309 MSI 16-PIN CERDIP ICM7207 LSI 14-PIN CERDIP 
DG508A MSI 16-PIN CERDIP IH5040 MSI 16-PIN CERDIP 
DG509A MSI 16-PIN CERDIP IH5041 MSI 16-PIN CERDIP 
HI-200 SS! 14-PIN CERDIP IH5042 MSI 16-PIN CERDIP 
HI-201 SSI 16-PIN CERDIP IH5043 Msl 16-PIN CERDIP 
H1-222 SSI 16-PIN CERDIP IH5044 MSI 16-PIN. CERDIP 
HI-304 SSI 14-PIN CERDIP IH5045 MSI 16-PIN CERDIP 
HI-305 SSI 14-PIN CERDIP IH5046 MSI 16-PIN CERDIP 
HI-306 SSI 14-PIN CERDIP IH5047 MSI 16-PIN CERDIP 
HI-307 SSI 14-PIN CERDIP IH5108 LSI 16-PIN CERDIP 
HI-381 SSI 14-PIN CERDIP IH5140 MSI 16-PIN CERDIP 
HI-384 Ssl 16-PIN CERDIP 1H5141 MSI 16-PIN CERDIP 
HI-387 SSl| 16-PIN CERDIP IH5142 MSI 16-PIN CERDIP 
HI-390 SSl 16-PIN CERDIP IH5143 MSI 16-PIN Cé&RDIP 
HI-508 SSI 16-PIN CERDIP IH5144 MS! 16-PIN CERDIP 
HI-508A SSI 16-PIN CERDIP IH5145 MSI 16-PIN CERDIP 
HI-509 SSI 16-PIN CERDIP IH5148 LSI 16-PIN CERDIP 
_ HI-509A SSl 16-PIN CERDIP IH5149 LSI 16-PIN CERDIP 
HI-539 SSI 16-PIN CERDIP — 1H5150 LS! 16-PIN CERDIP 
HI-548 SSI 16-PIN CERDIP IH5151 LS! 16-PIN CERDIP 
HI-549 SSI 16-PIN CERDIP IH5208 LSI 16-PIN CERDIP 
HI-1818A Ssl 16-PIN CERDIP IH5352 MSI 16-PIN CERDIP 
HI-1828A SSI 16-PIN CERDIP IH6108 MSI 16-PIN CERDIP 
HI-5040 SS! 16-PIN CERDIP IH6201 MSI 16-PIN CERDIP 
HI-5041 SSI 16-PIN CERDIP IH6208 MSI 16-PIN CERDIP 


HI-5042 SSI 16-PIN CERDIP 
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SSDVNOVd (dIGHSO) LINS-SNOISNAWIG ANIILNO 
bulbeyoed 
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EbL-St 


OUTLINE DIMENSIONS-FRIT (CERDIP) PACKAGES 


065 “O15 1. .270 
| «150 040 1.440 - 100 ae 
- 180 065 “O15 1.480 BSC 


-040 - 100 TG 
~065 | cos _ BSC 


—_ 


(SHAIHVO dIHO GAdV31 DILSW1d) 991d-SNOISNAINIG ANITLNO 
Sulbeyoreg 
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SI-SI 


OUTLINE DIMENSIONS-PLCC (PLASTIC LEADED CHIP CARRIERS) 


LEADs a a a ea 


180 “120 495 456 495 456 050 


165 090 -685 -650 -685 -650 .050 
2 6180 =|. 120 695 656 | 695 656 050 
- 165 090 985 -950 -985 950 050 
a 


Sdid SILSV Id-SNOISNAWIG SNITLNO 
 +bubeyoeg 
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Zt-St 


OUTLINE DIMENSIONS-PLASTIC DIPS 


vos [os | ow | os [ 


070 015 390 260 "BSC 


‘070 ‘015 7 "260 “ase Sot 

| 070 015 770 - 260 BSC 

ra “O70 “O18 77 “360 ee poe | oe | 
.070 015 770 -260 BSC 


“070 “O18 eid oe “ae poe | oe | 
“070 “015 260 BSC 

statete te tele te tee 
-070 015 1.040 260 BSC 

| “165 .070 og 1.120 “410 oes 
“070 “015 260 “Bsc 

%8 re a le [us rare 
.070 ats 1.270 610 BSC “160 

}* te te te ts oie ie is 

165 as 1.470 aio 160 

040 2.030 .590 100 
.070_ “O15 2.070, 610 asc 


- 100 
- 160 


33S “a,” 
/ \S 


| ae 


(dOS) SADVNOVd ANITLNO TIVIWS-SNOISNAWIG ANITLNO 
bulbeyoe|, 
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61-SI 


OUTLINE DIMENSIONS-SMALL OUTLINE PACKAGES (SOP) 


8 (N) ee 0146 .0075 189 .150 .050 229 .010 .016 -- 
“009 .019 -0098 -196 .157 BSC 246 .019 .050 8° 
“009 019 0098 344 157 _ "BSC 2b 019 “050 g° 
ates .014 .0075 .150 .050 .229 .010 .016 0° 
.019 .0098 a 157 BSC 246 019 .050 go 
093 ra 0146 .0091 398 26 050 394 010 016 
104 011 .019 .0125 413 BSC 419 029 .050 
014 .0091 497 fe .050 394 010 016 0° 
a .019 .0125 511 BSC 419 029 .050 g° 
24 (W) J os 004 .014 .0091 599 me 050 394 010 016 0° 
011 .019 0125 616 BSC 419 029 .050 8° 
093 014 0091 .697 _ 050 394 010 016 os 
| £1046 font 2019 0125 _ T12_ _BSC_ 1-419 | 029 _-050_ i 


im i rf 
i ae = 


dq 


(AZVud AGIS) SdIG OINVHSD-SNOISNAWIG ANITLNO 
bulbeyoed 
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bo-Sh 


OUTLINE DIMENSIONS-CERAMIC DIPS (SIDE BRAZE) 


a a a a ee 
.040 008 . 280 .100 oe 
110 070 015 ree 310 BSC 
14 080 .040 .008 735 .280 .100 098 “013 
110 .070 015 .770 310 BSC 
.040 008 280 .100 015 
eee 065 015 yi 310 BSC 
280 100 -098 015 
atte pot ne eta 310 BSC 
-200 080 .040 .008 .990 .280 100 aoe 015 
MAX 110 065 015 1.010 310 BSC 
080 040 008 1.060 .380 100 015 
110 065 015 1.090 410 BSC 
.040 008 570 590 .100 125 on 
it 065 015 .610 620 BSC HIN 
040 1.385 590 .100 015 
10 065 nr 1.415 620 BSC 
.040 008 1.980 570 590 100 ie 
“410 -065 015 2.020 .610 .620_ _BSC_ 


Packaging 


20 PAD CERAMIC LEADLESS CHIP CARRIER 28 PAD CERAMIC LEADLESS CHIP CARRIER 


44 PAD CERAMIC LEADLESS CHIP CARRIER 
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Harris Semiconductor Data Acquisition 


High Reliability/Military Specification/883B Products 
_ Analog Switches 


NUMERIC DEVICE LIST DESCRIPTION 


DG180AA/883B Dual SPST Analog Switch, 10 OHM 
DG180AL/883B 
DG180AP/883B . 


DG181AA/883B Dual SPST Analog Switch, 30 OHM 

DG181AL/883B 

DG181AP/883B 

DG182AA/883B Dual SPST Analog Switch, 75 OHM 1 
DG182AP/883B 

DG183AL/883B Dual DPST Analog Switch, 10 OHM 

DG183AP/883B 

DG184AL/883B Dual DPST Analog Switch, 30 OHM 

DG184AP/883B 


DG185AP/883B ‘ | Dual DPST Analog Switch, 75 OHM 


PACKAGE 


Can 
Flat Pack 
SB CerDIP 


Can 

Flat Pack 
SB CerDIP 
n 

SB CerDIP 
Flat Pack 
SB CerDIP 
Flat Pack 
SB CerDIP 
SB CerDIP 


2 


DG186AA/883B SPDT Analog Switch, 10 OHM 1 
DG186AL/883B 

DG186AP/883B 

DG187AA/883B SPDT Analog Switch, 30 OHM 
DG187AL/883B 
DG187AP/883B 


Can 
Flat Pack 
SB CerDIP - 


DG188AA/883B SPDT Analog Switch, 75 OHM 
DG188AP/883B 


DG189AP/883B Dual SPDT Analog Switch, 10 OHM 


SB CerDIP 
SB CerDIP 


DG190AL/883B Dual SPDT Analog Switch, 30 OHM 
DG190AP/883B 
DG191AL/883B Dual SPDT Analog Switch, 75 OHM 
DG191AP/883B 


eglszlez 
Sve x 
ge 2 


DG200AA/883B Dual SPST Analog Switch 100 OHM 
DG200AK/883B 

HI1-0200/883, -8 Dual SPST Analog Switch 80 OHM 
Hi2-0200/883 


29 


y 
o 
a 


DG201AK/883B Quad SPST Analog Switch, 125 OHM 
DG201AAK/883B Quad SPST Analog Switch, 75 OHM 


g18 
g 


HI1-0201/883, -8 -{ Quad SPST Anaiog Switch 
HI4-0201 /883 
Hi4-0201HS/883, -8 


DG202AK/883B Quad SPST Analog Switch 175 OHMS 
Hl1-0222/883 ‘Dual SPST Analog Switch 50 OHM 


DG300AAA/883B _| Dual SPST Analog Switch, 50 OHM 
DG300AAK/883B 


SPIO VIO 
g/9/Po|° 
viv ~~ 


ge 


rDIP 


DG301AAA/883B SDPT Analog Switch, 50 OHM 
DG301AAK/883B 


| 


HI1-0381/883 Dual DPST Analog Switch, 50 OHM 
HI2-0381/883 


HI1-0384/883 Dual DPST Analog Switch, 50 OHM 


H11-0201HS/883, -8 Quad SPST High Speed Analog Switch 
rDIP 


a a tdlacjas gs6 axles - i 
4 
: ‘ eee eee eee “ les 
oO p=] 
uv 


Sl9/S}sio]si9/s13 


DIP 
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Harris Semiconductor Data Acquisition 


High Reliability/Military Specification/883B Products 
Analog Switches:Continued 


NUMERIC DEVICE LIST DESCRIPTION LDS PACKAGE 


CerDIP 


CerDIP 
Dual DPST Analog Switch, 50 OHM Type CerDIP 


H11-5042/883 SPDT Analog Switch 50 OHM Type CerDIP 


HI1-5043/883, -8 CerDIP 
H14-5043/883, -8 


IH5043MJE/883B 


rn 
.?) 


H11-5044/883B Double Pole Single Throw (DPST) Analog Switch 50 OHM Type 


HI1-5045/883 Dual DPST Analog Switch 
HI4-5045/883 


Double Pole Double Throw (DPDT) Analog Switch 50 OHM 


Dual DPST Analog Switch, 25 OHM Type 


H11-5049/883 Dual DPST Analog Switch 
-HI4-5049/883 


SPDT Analog Switch 25 OHM Type 
Dual SPDT Analog Switch 


mm -< 
ole 
Q8|e 
Oasis 
mel hee) 


B CerDIP 
rDIP 
DiP 
rDIP 
DIP 
DIP - 
DIP 
DIP 
DIP 


iil | 


i 


rDIP 
rDIP 


_ 
alelajalelelalalelelal= 
8 


] 


High Reliability/Military Specification/883B Products 
Ancillary Devices 


PKG 
NUMERIC DEVICE LIST DESCRIPTION 


+5 VDC RS 232 Transceiver/Power Converter 16 
ICL8069CMSQ/883B 50 PPM Bandgap Voltage Reference 12s: { TO-52 
JICL8O69DMSQ/883B__—s | 100 PPM Bandgap Voltage Reference CT TOS2 Can 
JICM7170AMDG/883B_—s| RealTime Clock = CC AA SB CerDIP__ 
LICM7170MDG/883B__—[ RealTime Clock ——C—i‘*S RA SCTAA_| SBCerDIP 
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Harris Semiconductor Data Acquisition 


High Reliability/Military Specification/883B Products 
Analog to Digital Converters 


NUMERIC DEVICE LIST | DESCRIPTION 


HI1-574ASD/883 12 Bit 25 uSec A to D 

Hi4-574ASE/883 

HI1-574ATD/883 | 12 Bit 25 wSec A to D . 
Hi4-574ATE/883 

HI1-574AUD/883 12 Bit 25 uSec A to D . 
HI4-574AUE/883 

HI1-674ASD/883 12 Bit 12 wSec A to D 

Hi4-674ASE/883 

HI1-674ATD/883 12 Bit 12 uSec A to D 

Hi4-674ATE/883 a 

Hl1-674AUD/883 12 Bit 12 uSec Ato D 

HI4-674AUE/883 

HI1-774S/883 12 Bit 8 uSec Ato D 

HI4-774S/883 


LCC 
LCC 
LCC 
LCC 
| LCC 
LCC 
LCC 
LCC 
LCC , 


SB CerDIP 
SB CerDIP 


LDS 


HI1-774T/883 12 Bit 8 uSec Ato D 

HI4-774T/883 

Hl1-774U/883 12 Bit 8 wSec Ato D 
HI4-774U/883 ; 


HI1-5701T/883 6 bIT 30 MSPS Flash A to D 
ICL7109MDL/883_ | 12 Bit 133 wSec A to D 


Pepe oF eux ozlozloe 


‘1 10 Bit 8 Input MUX 5 uSec A to D 


High Reliability/Military Specification/883B Products 
Digital to Analog Converters j 


AD7520SD/883B 10 Bit D to A Converter 500 nsec 116 =|CY ‘| CerDIP 
AD7520UD/883B 10 Bit D to A Converter 500 nsec 
|AD7541TD/883B | 


AD7541TD/883B 12 Bit D to A Converter 1 zsec 


High Reliability/Military Specification/883B Products 
Display Drivers 


16-4 


Harris Semiconductor Data Acquisition 


High Reliability/Military Specification/883B Products 
Analog Multiplexers 


NUMERIC DEVICE LIST DESCRIPTION 


HI1-0506/883 16 Channel Analog Multiplexer (MUX) CerDIP 
Hl4-0506/883 LCC 


DG506AAK/883B 16 Channel Analog Multiplexer (MUX) 


HI1-O506A-8 16 Channel OVP Analog Multiplexer (MUX) 
Hi4-0506A-8 

HI1-0507/883 Diff 8 Channel Analog Multiplexer (MUX) 
H14-0507 /883 


DG507AAK/883B Diff 8 Channel Analog Multiplexer (MUX) 


HI1-0507A-8 Diff 8 Channel OVP Analog Multiplexer (MUX) 
HI4-0507A-8 


CerDIP 
LCC 


CerDIP 


CerDIP 
LCC 


ime 
oY 
OG 
5 


© 


a 


HI1-0508/883 8 Channel Analog Multiplexer (MUX) CerDIP 
HI4-0508 /883 LCC 
DG508AAK/883B 8 Channel Analog Multiplexer (MUX) C ae 
HI1-0508A-8 8 Channel OVP Analog Multiplexer (MUX) CY CerDIP 
Hi4-0508A-8 CE LCC 
HI1-0509/883 CerDIP 
Hl4-0509/883 CE LCC 
DG509AAK/883B Dual 4 Channel Analog Multiplexer (MUX) CerDIP 
HI1-O509A-8 Diff 4 Channel OVP Analog Multiplexer (MUX) CY CerDIP 
HI4-0509A-8 CE LCC 
HI1-0516-8 Programmable 16/Diff 8 Channel Analog Multiplexer (MUX) 28 CY CerDIP 
HI4-0516-8 CE LCC 
HI1-0518-8 ; Programmable 8/Diff 4 Channel Analog Multiplexer (MUX) CY CerDIP 
HI4-0518-8 CE LCC 
HI1-0524-8 4 Channel Wideband Analog Multiplexer (MUX) CY CerDIP 
HI4-0524-8 CE LCG 
DG526AK/883B 16 Channel Analog Multiplexer (MUX) CerDIP 
DG527AK/883B Diff 8 Channel Analog Multiplexer (MUX) CerDIP 
DG528AK/883B 8 Channel Analog Multiplexer (MUX) CerDIP 
DG529AK/883B Diff 4 Channel Analog Multiplexer (MU C CerDIP 
HI1-0546/883 16 Channel 70V PK RON-Match Analog Multiplexer (MUX) CerDIP 
Hi4-0546/883 LCC 
HI1-0547/883 Diff 8 Channel 70V PK RON-Match Analog Multiplexer (MUX) CerDIP 
Hl4-0547/883 LCC 
HI-0548/883 8 Channel 70V PK RON-Match Analog Multiplexer (MUX) CerDIP 
Hl4-0548/883 LCC 
HI1-0549/883 Diff 4 Channel 70V PK RON-Match Analog Multiplexer (MUX) CerDIP 
HI4-0549/883 LCC 
HI1-1818A/883 8 Channel Analog Multiplexer (MUX) 400 OHM CerDIP 
HI4-1818A-8 LCC 


HI1-1828A/883 Dual 4 Channel Analog Multiplexer (MUX) 400 OHM CerDIP 
HI4-1828A/883 LCC 
Hi4-1828A-8 LCC 
IH5108MJE/883B 8 Channel Analog Multiplexer (MUX) 1200 OHM CerDIP 
IH5116MJI/883B 16 Channel Analog Multiplexer (MUX) 1200 OHM CerDIP 
IH5208MJE/883B Dual 4 Channel Analog Multiplexer (MUX) 1200 OHM CerDIP 
IH5216MJI/883B Dual 8 Channel Analog Multiplexer (MUX) 1200 OHM CerDIP 
IH6108MJE/883B 8 Channel Analog Multiplexer (MUX) 350 OHM 
IH6208MJE/883B Dual 4 Channel Analog Multiplexer (MUX) 300 OHM CerDIP 
IH6208MFE/883B Flat Pack 
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Harris Semiconductor Data Acquisition | 


Surface Mount Products 


ALPHANUMERIC — DESCRIPTION | 
DEVICE LIST. CERAMIC LEADLESS CHIP CARRIER PACKAGES (LCC) 
CA3306CU3 6 Bit Flash A to D Converter. 
CA3306J3 6 Bit Flash A to D Converter 


Quad SPST Analog Switch 
Quad SPST High Speed Analog Switch. 


}HI4-0201/883_ 
}HI4-0201HS/883_ 
| HI4-0506/883, -8 _—‘| 16 Channel Analog Multiplexer (MUX) 
}HI4-0508/883_ 
|HI4-0509/883,-8 


LEADS 


-0201 /883 
-0201HS /883 
-0506 /883, -8 
6 Channel Over Voltage Protected Analog Multiplexer (MUX 
ifferential 8 Channel Analog Multiplexer (MUX) 
ifferential 8 Channel Over Voltage Protected Analog Multiplexer (MUX 
|| H14-0508 /883 8 Channel Analog Multiplexer (MUX) 
8 Channel Over Voltage Protected Analog Multiplexer (MUX 
-0509/883, -8 Differential 4 Channel Analog Multiplexer (MUX) | 
-0509A-8 Differential 4 Channel Over Voltage Protected Analog Multiplexer (MUX 
}HI4-0518-8 
-~0547/883 
-0548/883 
-182 , 8 
-5051 /883 


Programmable 16/Differential 8 Channel Analog Multiplexer (MUX) - 


H14-0518-8 Programmable 8/Differential 4 Channel Analog Multiplexer (MUX 


HI4-0524-8 4 Channel Wideband Analog Multiplexer (MUX) 
H14-0546/883 16 Channel 70V PK RON-Match Analog Multiplexer (MUX 


Differential 8 Channel 70V PK RON-Match Analog Multiplexer (MUX) 
|HI4-0548/883_——«[8 Channel 70V PK RON-Match Analog Multiplexer (MUX 

ifferential 4 Channel 70V PK RON-Match Analog Multiplexer (MUX) 
8 Channel 400 OHM RON CMOS Level Analog Multiplexer (MUX 


1828A/883 Differential 4 Channel 400 OHM RON CMOS Level Analog Multpilexer 
MUX) | 


HI4 

HI4 

HI4 

HI4 

HI4 | 
HI4 

HI4 

Hi4 

HI4 

HI4 

HI4 

Hl4 

Dual SPDT Analog Switch 

Dual DPST Analog Switch 

Dual DPST Analog Switch __ 
Dual SPDT Analog Switch 

12 Bit 25 uSec A to D Converter 
12 Bit 25 Sec A to D Converter 
12 Bit 25 uSec A to D Converter 
12 Bit 12 pSec A to D Converter 


12 Bit 12 Sec A to D Converter 

12 Bit 12 pSec A to D Converter 

12 Bit 8 Sec A to D Converter 

12 Bit 8 Sec A to D Converter 

12 Bit 8 pSec Ato D Converter . 

4 Bit 40 pSec Process A to D Converter 

4 Bit 40 pSec pProcess A to D Converter _ 3 


oe 


oak 
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Harris Semiconductor Data Acquisition 


Surface Mount Products: Continued 


ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT (GULL-WING) (SOIC)| LEADS 


10 Bit A to D Converter with T/H 

10 Bit A to D Converter with T/H 

| 
16 Channel pProcess Compatible Analog Multiplexer (MUX 

Differential 4 Channel »Process Compatible Analog Multiplexer (MUX) 

Dual SPST Analog Switch 

Quad SPST Analog Switch = 

HI9P0201HS-5, -9 


HI9p0516-5, -9 Programmable 16/Differential 8 Channel Analog Multiplexer (MUX) 
1 


NPOf= NN) =])]— _ NO PTPO PRO TM PRO 
COlaln COIN O Oo Ai R|Rl/OlO 


—_— 
© 


6 Channel RDS Match Over Voltage Protected Analog Multiplexer (MUX 
Differential 8 Channel Over Voltage Protected Analog Multiplexer 
HI9P0548-5, -9 8 Channel RDS Match Over Voltage Protected Analog Multiplexer (MUX 
Differential 4 Channel Over Voltage Protected Analog Multiplexer 


6 Bit 30 MSPS Flash A to D Converter 
HI9P5043-5, -9 
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Harris Semiconductor Data Acquisition 


Surface Mount Products: Continued 


ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT (GULL-WING) (SOIC)} LEAD 


8 Channel Analog Multiplexer (MUX) 


16 Channel Analog Multiplexer (MUX 
Programmable 16/Differential 8 Channel Analog Multiplexer (MUX) 


Programmable 8/Differential 4 Channel Analog Multiplexer (MUX 
4 Channel Video "T" Analog Multiplexer (MUX) 
D 


ifferential 4 Channel Low Level Analog Multiplexer (MUX 


16 Channel RDS-ON Match Over Voltage Protected Analog Multiplexer 
(MUX 


Differential 8 Channel RDS-ON Match _ 
Over Voltage Protected Analog Multiplexer (MUX 


Dual SPDT Analog Switch 
Dual DPST Analog Switch 
Dual DPST 30-OHM Analog Switch 


ual SPDT 30-OHM Analog Switch 


ALPHANUMERIC | DESCRIPTION 
DEVICE LIST PLASTIC LEADED QUAD FLAT-PACK (GULL-WING) (PQFP) LEAD 


PPEPPPEEE 


a) HARRIS 


HI-5701 


ADVANCED INFORMATION 6 Bit, 30 MSPS 
September 1991 . Flash A/D Converter 


Features Description 


e 30 MSPS Conversion Rate The HI-5701 is a monolithic, 6 bit, CMOS _ flash 
rae Analog-to-Digital Converter. It is designed for high speed 
° No Missing Codes applications where wide bandwidth and low power 
° Sample and Hold Not Required consumption are essential. Its 30 MSPS speed is made 
possible by a parallel architecture which also eliminates the 
need for an external sample and hold circuit. The HI-5701 
e Integral Linearity Error +0.5LSB delivers +0.35 LSB differential nonlinearity while 
consuming only 250mW. Latched outputs are provided 
° CMOS/TTL Compatible which present valid data to the output bus 1% clock cycles 
e Single +5V Supply Voltage after the convert command is received. An overflow bit is 
provided to allow the series connection of two converters, 

e Low Power CMOS thus achieving 7 bit resolution. 


e Differential Linearity Error +0.35 LSB 


. ° The HI-5701 is available in commercial and industrial 
Ap P lications temperature ranges. It is available in 18 pin plastic DIP and 
® Video Digitizing SOIC packages. 


e Radar Systems i | 
7 zoom Ordering Information 


° Communication Systems 


° High Speed Data Acquisition Systems PART TEMPERATURE 
NUMBER RANGE 


Pinouts 


18 PIN PLASTIC DIP 
18 PIN SOIC 
TOP VIEW 


(MSB) D5 | 1| 


D2 
D1 
DO (LSB) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 29 37 
Copyright © Harris Corporation 1991 
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@ HARRIS _ HI-7153 


8-Channel 10 Bit High Speed - 
September 1991 Sampling A/D Converter 


Features General Description 


e 5us Conversion Time. The HI-7153 is an 8-channel high speed 10 bit A/D 
e 8-Channel Multiplexer converter which uses a Two Step Flash algorithm to achieve . 
through-put rates of 200kHz. The converter features an 
e 200,000 Channels/Second Throughput Rate 8-channel CMOS analog multiplexer with random channel 
e Over 9 Effective Bits at 20kHz addressing. A unique switched capacitor technique allows 


e No Offset or Gain Adjustments Necessary . ernie en voltage to be sampled while a conversion is 
e Analog and Reference Inputs Fully Buffered - Internal high speed CMOS buffers at both the analog and 
e On-Chip Track and Hold Amplifier reference inputs simplifies interface requirements. 

e uP Compatible Interface A Track and Hold amplifier is included on the chip, 
e 2’s Complement Data Output consisting of two high speed amplifiers and an internal hold. 


capacitor, reducing external circuitry. 

Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The: 
digital three-state outputs are byte organized for bus 


e 150mW Power Consumption 


e Only a Single 2.5V Reference Required for a +2.5V 
Input Range 


e Out-of-Range Flag | interface to 8 or 16 bit systems. An Out-of-Range pin, 
| together with the MSB bit, can be used to indicate an under 

Applications or over-range condition. 

e uP Controlled Data Acquisition Systems The HI-7153 operates with +5V supplies. Only a single 


+2.5V reference is required to provide a bipolar input range 


e DSP from -2.5V to +2.5V. 
> . ° ° a 
Avionics Ordering Information 
> Sonar 


© Process Control 
> Automotive Transducer Sensing 
> Industrial 

¢ Robotics 

¢ Digital Communications 


LINEARITY | TEMPERATURE ; 
PART NO. (MAX. ILE) RANGE PACKAGE 


Pinout HI-7153 Functional Diagram 
TOP VIEW. 


AG 

(ANALOG GND) 
Aino 
Aint 
Ain2 


HBE 


= DO 
wf DATA 
2 OUTPUTS 
= D9 
> OVR 
ro) z 
& BUS 
ax 


CONTROL 
LOGIC 


POWER 
SUPPLY 
DISTRIBUTION 


DG 
(DIGITAL GND) 


Copyright © Harris Corporation 1991 File Number 2787.2 
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Specifications HI-7153 


Absolute Maximum Ratings 


Supply Voltage Operating Temperature Range 
V+ to Gnd (DG/AG/GND)..............0000- -0.3V < V+ <+5.7V BIB= 153K eo 5 i udak st oo mene au tele aes eaaaeaes& 0°C to +759C 
V- to Gnd (DG/AG/GND) ..............045. -5.7V <V- <+0.3V HIS=7I SOX <9 4 sa sis Canin hee eee coe gesess -409C to +85°C 
Analog Input Pins (Note 1) HI1-7153X-2 1... cee ccc cece seserececce ~55°9C to +125°9C 
(AINO~AIN7? VREF) «+++ eeeeececes V- -0.3V <Vina <V++0.3V Storage Temperature Range ................. -65°9C to +150°9C 
Digital 1/O Pins (Note 1) .. oteeeeeee DG -0.3V < Vig <V++0.3V Lead Temperature (soldering, 108) ............-...eeeee 300°C 


(DO-D9, OVR, CLK, CS, RD, WR, ALE, SMODE, HOLD, EOC, 
HBE, BUS, AO-A2, TEST) 


Power Dissipation (Note 2)..... 0... cee cece cece cece 500mW 
Derate above +70°C at 10mW/9C 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Electrical Characteristics (Note 4), V+ = +5V, V- = -5V, VREF = +2.50V, folk = 600kHz, ty = tr < 25ns, 50% duty cycle. 
All typical values have been characterized but are not tested. . 


J, A, S GRADE 
(Note 3) 
SYMBOL PARAMETER TEMPERATURE 


ACCURACY 
Resolution Ta = +259C 
(Note 5) 
TMIN STA < TMAX 
Integral Linearity Error Ta = +259C 


Differential Linearity Error Ta = +25°C 


Bipolar Offset Error Ta = +25°9C 


TMIN< TA <TMAX 
Unadjusted Gain Error Ta = +25°C 

TMIN S TAS TMAX 
Channel to Channel Mismatch Ta = +259C 


TMIN < TA <TMAX 


TMIN STA < TMAX 


TMIN S TAS TMAX 


1. Input voltages may exceed the supply voltage, one input or channel at a time, provided the input current is limited to +10mA. 

2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

3. See Ordering Information Table 

4. FSR (Full Scale Range) = 2 x Vagr (5.00V at Vrer = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88mV at Vare = 2.S0V). 
. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 


$)] 
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Specifications HI-7153 


Electrical Characteristics (Continued) (Note 4), V+ = +5V, V- = -5V, VREF = +2.50V, Ta = +25°C, fo}, = 600kHz, 
tR = tp < 25ns, 50% duty cycle. All typical values have been characterized but are not 
tested. 


SYMBOL PARAMETER CONDITIONS UNITS 


DYNAMIC CHARACTERISTICS 
fin = 4.932kHz, +2.5V 


Signal to Noise Ratio 


Signal to Noise + Distortion 


Total Harmonic Distortion 


1 fIN = 43.994kHz, +2.5V 


DC Electrical Characteristics (Note 4), V+ = +5V, V- = -5V, VaeF = +2.50V, Ta = +25°C, fo, = GOOKHz, 
tR = tp < 25ns, 50% duty cycle, unless otherwise specified. All typical values have been 
characterized but are not tested. 


+25°9C 
SYMBOL | PARAMETER CONDITIONS | MIN | TYP | 


ANALOG MULTIPLEXER INPUT 
~VREF 


| 1BL_—_ | Input Leak. Current | Aj = OV 


ae oN 

| = | oot | 

CAIN(ON) | On Channel Input Ain = OV, Note 5 10 
Capacitance 

CAIN(OFF) | Off Channel Input =| Ajj = OV, Note 5 
Capacitance 

RDS(ON) | MUX Ain = £2.5V, 1.1 

On-Resistance IN =100pA 


Spurious-Free Dynamic Range 


0°C to +75°C | -40 to +85°C £55 to +125°9C 


Cc 
r= 
= 


ARDS(ON) | Greatest Change in | -2.5V <Ajn 
RDS(ON) Between <+2.5V 
Any Two Channels 


Off-Channel Fin =100kHz, 
Isolation Note 7 

CCRR Channel to Channel | Fipyy =100kHz, 
Isolation Note 7 


NOTES: 

4, FSR (Full Scale Range) = 2 x Vrer (5.00V at Vper = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88mV at Vagr = 2.50V). 
5. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 

6. Functionality is guaranteed by negative GAIN ERROR test. 

7. Channel Isolation is tested with an input signal of +2.5Vp-p, 100kHz and the measured pin is loaded with 1002 to GND. 
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Specifications HI-7153 


DC Electrical Characteristics (Continued) (Note 4), V+ = +5V, V- = -5V, VReF = +2.50V, Ta = +259C, fo, = 6O0KHz, 


tR = tf < 25ns, 50% duty cycle, unless otherwise specified. Ail typical values 
SYMBOL PARAMETER CONDITIONS 


have been characterized but are not tested. 
REFERENCE INPUT 


| apse orc to +750C |-40 to +85°C [55 to +1259C 
Emin | typ | max { min | max | min | max | 
VRR Reference Input Note 6 : 
Range 
Reference Input VREF = +2.50V 100 100 
Bias Current 
CVpR Reference Input 
Capacitance 
LOGIC INPUTS 


Input Capacitance [Note5 


UNIT 


ue] > 


VIH 
VIL 
HL 
CiN 


ais |<[< 


LOGIC OUTPUTS 


VOH Output High Volt. IOH = -200nA 
VOL Output Low Volt. loL = 1.6mA 


IOL Output Leakage 
Current 


8 ee ee 

ee ee a 
| in [LogicinputCurrent [vin=ovtsv | - [oos | 1 | - | 

Se oe Ee 

| 24 

bees 


ae) 
7 


POWER SUPPLY VOLTAGE RANGE 


eres 
| 08 | 
Ee 
[eee 
P| 
ba 
Func’l Operation | 45 | | 55 | 45 | 55 | 
Only Notes _| -45 | -50 | -s5 | -45 | -555 | 
| 30_| 
-15 
a 
om 


CouT Output Capacitance | High-Z state, 7 15 
Note 5 


POWER SUPPLY REJECTION 


AFSE V+, V- Gain V+ = 5V, 0.1 
Error V- = -4,75V, -5.25V 
V- = -5V, 0.1 
V+ = 4.75V, 5.25V 


rc 
ie?) 
08] 


r- 
” 
ie) 


Error V- = ~4,75V, -5.25V 


V-= -5V, 0.15 
V+ = 4.75V, 5.25V 


VIN = OV, Digital 
Outputs Are 
Unloaded 


~ 
2) 
128) 


os 
° 
= 
a) 
ow 


SUPPLY CURRENTS 


[|v sunpiy Curent | 
[reno [GND Curent | 
[a [oe curent 


AG Current 


4. FSR (Full Scale Range) = 2 x Vper (5.00V at Vrer = 2.50V). LSB (Least Significant Bit) = FSR/1024 (4.88mV at Vagr = 2.50V). 
5. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 

6. Functionality is guaranteed by negative GAIN ERROR test. 

7. Channel Isolation is tested with an input signal of 5Vp-p, 100kHz and the measured pin is loaded with 1002 to GND. 
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Specifications HI-7153 


Electrical Characteristics (Continued) (Note 11) V+ = 5V + 10%, V- = -5V, VaeF = 2.50V, Ta = +25°C, foyx = 6OOkHz, 
tr =tr < 25ns, 50% duty cycle, CL = 100pF (Including stray for DO-D9, OVR, HOLD), 
unless otherwise specified. All typical values have been characterized but are not 
tested. : 


| 
tsps _| Continuous [Nowe [| - | - [| s | - | s | | 5 | es | 
[nowsave |= [=| Sa 


tconv Conversion Time, Notes 5, 8 Atok+ 
First Conversion 63 ° 
teyc Continuous Note 9 
Throughput 
telk Clock Period 
Clock Input Duty Cycle Note 5 
ALE Pulse Width Note 5 
Address Setup Time Note 5 
Address Hold Time 
WR Pulse Width Notes 5,8,10 
twreoc | WR to EOC Low Notes 5, 8 
thold WRtoHOLD Delay = Notes 5,8 


tekhr Clock to HOLD Note 5 : 
Rise Delay 


Ea 

Oo 

G 
of 
ES 
we 


o 
x 
o 


= 

= 
Q. 
x 


talew 
tas 
tah 


—_ 
eo] 
ras) oO 
s[e]s 
at 
is 


c 
@ 3 IGS no lx 


ajild 
NL Qliz 
OVO D 


teokht Clock to HOLD Notes 5,9 
Fall Delay 


ClocktoEOC High Notes5,8 | - | 
HOLD to DATA Change Notes 5, 9 
CS to DATA Note 5 
HBE to DATA Note 5 

RD LOW to Active Notes 5, 13 
RD HIGH tolnactive §_ Notes 5, 14 
Output Rise Time Notes 5, 12 
Output Fall Time. Notes 5, 12 


tckeoc 
tdata 
d 


“I 
or 
oO 


E 

oO 

Oo 
oO 


oO” 
= OlN] oe 
a[s[s[sfela|ala] | as 


“I 
.o) 


trd 
t 
t 
f 
NOTES: : 


8. Slow memory mode timing. 


125 


= 


X 


=~ 


- 


9. Fast memory or DMA mode of operation, except the first conversion which is equal to tcony. 
10. Maximum specification to prevent multiple triggering with WR. 


11. All input drive signals are specified with ta = tre < 10ns and shall swing from 0.4V to 2.4V for all timing specifications. A signal is considered to change state as 
it crosses a 1.4V threshold (except tap & try). 


12. tm and tr load is C_ = 100pF (including stray capacitance) to DG and is measured from the 10%-90% point. 


13. tap is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High-Z to VoH is measured with 
Ri = 2.5KN. and C, = 100pF (including stray) to DG. High-Z to Vo,_ is measured with Ry = 2.5K, to V+ and C, = 100pF (including stray) to DG. 


14. tax is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. Vou to High-Z is measured with 
Ry = 2.5KN and Cy = 10pF (including stray) to DG. Vo, to High-Z is measured with Ry, = 2.5KQ. to V+ and Cy = 10pF (including stray) to DG. 


15. For clock frequencies other than 6O0kHz. 
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Timing Diagrams 
FAST MEMORY MODE (8 BIT DATA BUS) 


0 t 2 3 


CLOCK wy op Ga Val a Ne a ee Of 


= : -+| ani . 
ae = |} t,,, ———+| 
WR \ (WR may be wired low) ' ; see 


--| [> thou "ekhf ~e4 fo wed tek 
HOLD  TRACKN \ HOLD N =f TRACK Net \Hold Net f/f TRACK Ne2 \ HOLD N+2/TRACK N13 


- a 


ALE 


A@-Ae 


INTERNAL 


RD \ / \ / 
HBE teg ~| _\ . / \ / 


DATA High Ye Low High Low 


CONDITIONS: SMODE = DG. Bus = DG. 
NOTE: With SMODE = DG, the internal logic disables the output latches from being updated during a read. The EOC output is LOW continuosly. 


DMA MODE (16-BIT DATA BUS) 


we ee Ne ee Ned “Ne ae ee Ne 
eee ee ee 


ALE 


HOLD TRACK N HOLD N TRACK Ntl HOLD Nt TRACK Nt2 HOLD Nt2 


ATA {UN DATA 
DATA N-1t DATA N DATA N+1 DATA 
DATA ee eee 
DATA N-1} DATA N DATA N+tt DATA 


CONDITIONS: SMODE = V+, CS = WR = RD = DG, Bus = V+, HBE = DG or V+ 
NOTE: EOC output is low continuosly. 
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Timing Diagrams (Continued) 
SLOW MEMORY MODE (16 BIT DATA BUS) 


+{ fe tok 


ALE [~\ 
AO-R2 


thot d-+ |} tekhr 


HOLD TRACK N\-HOLDN TRACK Net 
>|} twreoc 'ekeac - 
Ec eee] pe 


tra fe — le tex 


CONDITIONS: SMODE = V+. Bus = V+. HBE = DG or V+ 
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Typical Dynamic Performance Characteristics 
EFFECTIVE NUMBER OF BITS SIGNAL-TO-NOISE RATIO 


Effective Bits 


30° «40 
Frequency (KHz) Frequency (KHz) 


TOTAL HARMONIC DISTORTION PEAK NOISE 


THD - dBc 
NOISE - dB 


30 40 50 60 70 
Frequency (KHz) Frequency (KHz) 


SPURIOUS-FREE DYNAMIC RANGE ~ 


SFOR - dB 


0 10 2 30 40 50 60 70 
Frequency (KHz) 
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Typical Dynamic Performance Characteristics (Continued) 
FFT SPECTRUMS 


INPUT FREQUENCY: 14697Hz 
SAMPLING RATE: 200kHiz 
SNA: $8.98dB 
THD: -61.44dB 
PEAK NOISE: -77.29dB 
SPURIOUS FREE DYNAMIC RANGE: -63.42d8 
3RD HARMONIC: -72.44dB 


INPUT FREQUENCY: 4931Hz 
SAMPLING RATE; 200kiz 
SNR: 59.40dB 
THD: -67.26d8 
PEAK NOISE: -75.96dB 
SPURIOUS FREE DYNAMIC RANGE: -68.36dB 
3RD HARMONIC: -77.19d8 


AMPLITUDE (dB) 


~430 tt tt tt rt il nf ae 
te 20 30 40 50 60 ry 10 20 30 40 50 60 70 80 90 100 
FREQUENGY (kHz) FREQUENCY (kHz) 


0 INPUT FREQUENCY: 24462Hz INPUT FREQUENCY: 439941z 
SAMPLING RATE: 200kHz SAMPLING RATE: 200kHz 
SNR: 58.3605 -10 SNA: 66.2608 


THO: -$5.59dB THO: -48.19dB 
PEAK NOISE: -76.65dB8 -20 PEAK NOISE: -74.34dB 
SPURIOUS FREE DYNAMIC RANGE: -57.72d8 SPURIOUS FREE DYNAMIC RANGE; -48.66d8 
3RD HARMONIC: -64.53dB -30 3RD HARMONIC: -62.87dB 
-40 
a> 
a} 
us -6 
P 
577 
a 
3-20 


20 30 40 50 60 70 80 90 100 40 50 60 70 80 90 100 
FREQUENCY (kHz) ; FREQUENCY (kHz) 
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Pin Descriptions 


[ew _[syweo.| __bescriprion | 
T+ | vase [Retoroncovotaveinnutir2soy 
faa AG Analog ground reference (OV) 

[8 | Ao _[Ataloginputchannelo 


IN2 
IN3 


IN7 


Mux address input. (LSB) Active high. 
Mux address input. (MSB) Active high. 


Mux address enable. When high, the latch is 
transparent. Address data is latched on the 
falling edge. 


Write input. With CS low, starts conversion 
when pulsed low; continuous conversions 
when kept low. 


Chip select input. Active low. 


Read input. With CS low, enables output 
buffers when pulsed low; outputs updated at 
the end of conversion. 


Slow memory mode input. Active high. 


Detailed Description 


The HI-7153 is an 8 channel high speed 10 bit A/D 
converter which achieves throughput rates of 200kKHz by 
use of a Two Step Flash algorithm. A pipelined operation 
has been achieved through the use of switched capacitor 
techniques which allows the device to sample a new input 
voltage while a conversion is taking place. The 8-channel 
multiplexer can be randomly addressed. The HI-7153 
requires a single reference input of +2.5V, which is internal- 
ly inverted to -2.5V, thereby allowing an input range of 
-2.5V to +2.5V. The ten bits are two’s complement coded. 
The analog and reference inputs are internally buffered by 
high speed CMOS buffers, which greatly simplifies the 
external analog drive requirements for the device. 


_ 


—_ 


— > | > | > >i > i > 
of sil lz 7 >| 2 > 
ziz 
fa : ; " itl Cae F 


Analog to Digital Section 


The HI-7153 uses a conversion technique which is general- 
ly called a “Two Step Flash” algorithm. This algorithm 
enables very fast conversion rates without the penalty of 
high power dissipation or high cost. A detailed functional 
diagram is presented in Figure 1. 


Mux address input. (LSB) Active high. 


Bus select input. High = all outputs enabled: - 
together DO-D9, OVR 
Low = Outputs enabled by HBE 

al Low = Low byte select, DO - D7 

Clock input. TTL compatible. 

| pa | Digital ground (OV) 


Byte select (HBE/LBE) input for 8-bit bus. 
EOC End-of-conversion status. Pulses high at 


PIN SYMBOL DESCRIPTION 
High = High byte select, D8 - D9, OVR 
the end-of-conversion. 


Start of conversion status. Pulses low at 
the start-of-conversion. 


dog: PE 
Cr 
[oa [avzouna 
0 [oe [arenes 
[os faneaie 
a 
[oe fers 
or fa 
ac 
[ofa 


: 
conversion when output exceeds full scale. 
z | ve |restenerintententean 


Negative supply voltage input (-5.0V) 


The reference input to the HI-7153 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 
the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are 
offset trimmed during manufacturing in order to increase 
the accuracy of the HI-7153 and to simplify its usage. 


The input voltage is first converted into a 5 bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara- 
tors which perform a comparison between the input voltage - 
and subdivisions of the reference voltage. These 
subdivisions of the reference voltage are formed by forcing 
the reference voltage and its negative on the two ends of a 
string of 32 resistors. 


The 5 bit result of the first flash conversion is latched into 
the upper five bits of double buffered latches. It is also con- 
verted back. into an analog signal by choosing the ladder 
voltage which is closest to but less than the input voltage. 
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The selected voltage (VTAP) is then subtracted from the 
input voltage. The residual is then amplified by a factor of 32 
and referenced to the negative reference voltage (VSCA = 
32(VIN - VTAP) + VREF-). This subtraction and amplifica- 
tion operation is performed by a Switched Capacitor 
amplifier (SCA). The output of the SCA amplifier is between 
the positive and negative reference voltages and can there- 
fore be digitized by the original 5 bit flash converter (second 
flash conversion). 


The 5 bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the end 
of a conversion, 10 bits of data plus an Out of Range bit are 
latched into the second level of latches and can then be put 
on the digital output pins. 


The conversion takes place in three clock cycles and is 
illustrated in Figure 2. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input voltage. During the 


( eVREF ) 


VREF 


Cy HOLD 
TRACK 
BUFFER 
ANP 


(AG) 


At A2 


AQ 


5 TO 32 
DECODER 


POWER SUPPLY 


DISTRIBUTION 


second half clock cycle, the comparators make a compari- 
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap volt- 
age has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 
three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators perform another comparison whose 
5 bit result becomes available on the next clock edge. 


Reference Input 


The reference input to the HI-7153 is buffered by a high 
speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. The reference input voltage should be applied follow- 
ing the application of V+ and V- supplies. | 


rm OVR 
x |o/ZiL> pg 
fe} 
aol°e|< 2 
6 ol ° lw ° DATA 
2ololuse| o 
eg 15 2 
a| |t0 
me BUS BUS 
_|CTRL HBE 
HOLD 
CONTROL RD 
CAP. Ae WR 
LOGIC cS 
SMODE 
CLK 
EOC 


Ve V- GND DG 


FIGURE 1. DETAILED BLOCK DIAGRAM 
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Analog Multiplexer 


The multiplexer channel assignments are shown in Table 1 
and can be randomly addressed. Address inputs AO-A2 are 
binary coded and are TTL/CMOS compatible. During 
power-up the circuit is initialized and multiplexer channel 
AINo is selected. The multiplexer address is transparent 
when ALE is high and CS is low. The address data is 
latched on the falling edge of the ALE signal. The 
multiplexer channel acquisition timing (Timing Diagrams, 
Slow Memory Mode) occurs approximately 500ns 
after the rising edge of HOLD. The multiplexer features a 
typical break-before-make switch action of 44ns. 


Track And Hold 


A Track and Hold amplifier has been fully integrated on the 
front end of the A/D converter. Because of the sampling 
nature of this A/D converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T/H) amplifier “holds” the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the T/H input 
amplifier simplifies analog interfacing. Input signals up to 
+VREF can be directly connected to the A/D without 
buffering. The T/H amplifier typically settles to within 1/4 


N CONVERSION 
CLOCK 1 2 3 


TRACK & HOLD HOLD Vin(N) 


CONVERT 


LSB in 1.5yus. The A/D output code table is presented in 
Table 2. 


The timing signals for the Track and Hold amplifier are gen- 
erated internally, and are also provided externally (HOLD) 
for synchronization purposes. 


All of the internal amplifiers are offset trimmed during manu- 
facturing to give improved accuracy and to minimize the 
number of external components. If necessary, offset error 
can be adjusted by using digital post correction. 


TABLE 1. MULTIPLEXER CHANNEL SELECTION 


ADDRESS & CONTROL INPUTS 
pac | a | no | es | me 


ANALOG 
CHANNEL 
SELECTED 


N+1 CONVERSION 


TRACK Vin(N+2) HOLD Vin(N+1) 


CONVERT 


COMPARATOR UPPER LOWER 
AUTO-ZERO | SAMPLE | 5 BITS | SAMPLE RESIDUAL | 5 BITS | SAMPLE | 
(AZ) Vin(N) 


SCA 
AUTO-ZERO 
(SCAZ) 


SAMPLE VIN(N) 


INTERNAL 


AMPLIFY RESIDUAL 


VIN (N+1) 


SAMPLE. VIN(N+1) 


DATA a ee ee ee ee ee ee —{ vin DATA 
18 BITS + OVR 


FIGURE 2. INTERNAL ADC TIMING DIAGRAM 


TABLE 2. A/D OUTPUT CODE TABLE 


ANALOG INPUT* 


OUTPUT DATA (2’S COMPLEMENT) 


LSB = sg a 
2(VREF)/1024 | VpeF=2.500 VOLTS | OVR 


par _feooreom |v fotetetetetetetete fe 
[ners faaesiaerneens [oe fo [a 


-1LSB -0.00488 
-VREF -2.500 (-Full Scale) 
< -VReEF-1LSB | 2.50488 to V- (-OVR) 


* The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 
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Dynamic Performance 


Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance for one channel of the A/D 
system. A low distortion sine wave is applied to the input of 
the A/D converter. The input is sampled by the A/D and its 
output stored in RAM. The data is then transformed into the 
frequency domain with a 4096 point FFT and analyzed to 
evaluate the converters dynamic performance such as SNR 
and THD. See typical performance characteristics. 


Signal-To-Noise Ratio 


The signal to noise ratio (SNR) is the measured rms signal 
to rms sum of noise at a specified input and sampling 
frequency. The noise is the rms sum of all except the funda- 
mental and the first five harmonic signals. The SNR is 
dependent on the number of quantization levels used in the 
converter. The theoretical SNR for an N-bit converter with 
no differential or integral linearity error is: SNR = (6.02N + 
1.76) dB. For an ideal 10 bit converter the SNR is 62dB. 
Differential and integral linearity errors will degrade SNR. 


Sinewave signal power 
Slted0log 


Total noise power 
Signal-To-Noise + Distortion Ratio 


SINAD is the measured rms signal to rms sum of noise plus 
harmonic power and is expressed by the following. 


Sinewave signal power 
SINAD = 10 log eae 


Noise + harmonic power (2nd thru 6th) 


Effective Number of Bits 


The effective number of bits (ENOB) is derived from the 
SINAD data; 
SINAD - 1.76 
ENOB= _ 
fa 6.02 


Total Harmonic Distortion 


The total harmonic distortion (THD) is the ratio of the rms 
sum of the second through sixth harmonic components to 
the fundamental rms signal for a specified input and sampl- 
ing frequency. 
THD = 101og Total harmonic power (2nd - 6th harmonics 
Sinewave signal power — 


Spurious-Free Dynamic Range 


The spurious-free dynamic range (SFDR) is the ratio of the 
fundamental rms amplitude to the rms amplitude of the next 
largest spur or spectral component. It is usually determined 
by the largest harmonic. However, if the harmonics are 
buried in the noise floor it is the largest peak. 


Sinewave signal power 
SFDR = 10 log aoe 


| _ Highest spurious signal power 
Clock 


The clock input is TTL compatible. The converter will 
function with clock inputs between 10kHz and 800kHz. 


Microprocessor Interface 


The HI-7153 can be interfaced to microprocessors through 
the use of standard Write, Read, Chip Select, and HBE con- 
trol pins. The digital outputs are two’s complement coded, 
three-state gated, and byte organized for bus interface with 
8 and 16 bit systems. The digital outputs (DO - D9, OVR) 
may be accessed under control of BUS, byte enable input 
HBE, chip select, and read inputs for a simple parallel bus 
interface. The microprocessor can read the current data in 
the output latches in typically 6Ons/byte (trg). An over- 
range pin (OVR) together with the MSB (D9) pin set to either 
a logic O or 1 will indicate a positive or negative over-range 
condition respectively. All digital output buffers are capable 
of driving one TTL load. The multiplexer can be interfaced to 
either multiplexed or separate address and data bus 
systems. 


The HI-7153 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, or DMA 
mode. 


Slow Memory Mode 


In slow memory mode, the conversion will be initiated by the 
microprocessor by selecting the chip (CS) and pulsing WR 
low. This mode is selected by hardwiring the SMODE pin to 
V+. Note that the converter will change to the DMA interface 
mode if the WR to RD active timing is less than 100ns. The 
end-of-conversion (EOC) output signals an interrupt for the 
microprocessor to jump to a read subroutine at the end of 
conversion. When the 8-bit bus operation is selected, high 
and low byte data may be accessed in either order. An 1/O 
truth table is presented in Table 3 for the slow memory 
mode of operation. 


Fast Memory Mode 


The fast memory mode of operation is selected by tying the 
SMODE and WR pins to DG. In this mode, the chip per- 
forms continuous conversions and only CS and RD are re- 
quired to read the data. Whenever the SMODE pin is low, 
WR is independent of CS in starting a conversion cycle. 
During the first conversion cycle, HOLD follows WR going 
low. HOLD will be one clock period wide for subsequent 
conversion cycles. 


Data can be read a byte at a time or all 11 bits at once. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. EOC is continuously 
low in this mode of operation. The conversion data can be 
read after HOLD has gone low. An |/O truth table is pres- 
ented in Table 4 for the fast memory mode of operation. 


DMA Mode 


This is a hardwired mode where the HI-7153 continuously 
converts. The user implements hardware to store the results 
in memory, bypassing the microprocessor. This mode is 
recognized by the chip when SMODE is connected to V+ 
and CS, RD, WR are connected to DG. When 8-bit bus 
operation is selected, high and low byte data may be ac- 
cessed in either order. EOC is continuously low in this 
mode. The conversion data can be read approximately 
300ns after HOLD has gone low. An I/O truth table is pres- 
ented in Table 5 for the DMA mode of operation. | 
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TABLE 3. SLOW MEMORY MODE !/0 TRUTH TABLE (SMODE = V+) 


«< | X< 


X = don'tcare 


Se eee 
lo | x | x | x | x [mitiatesaconversion === sd Initiates a conversion. 
a a aa Bl 
edge of ALE. Latch is firansparant when ALE is high. 
Pa [xe [x [x [x |x [iatiesarchinconmands 
Po fx fo]: |x | x |enbusco-ossov 
To [x [0 | «| 0 | x |towoyeensbicdo-o7 
To [x [eo] o | 1 | x [Honbveensbiebe-ooom +t 


TABLE 4. FAST MEMORY MODE 1/0 TRUTH TABLE (SMODE = DG) 


tris te x 


px {x |x |x] x | 
case Ao ae 


X = don't care 


Continuous conversion, WR may | Continuous conversion, WR maybetiedtoDG. | tied to DG. 


pert eee 
edge of ALE. Latch is dransperent when ALE is high. 
Disables all Disables allchipcommands. == commands. 

To [x fo | o | o | x |toweyeensbieDo-o7 
To [x [0 | o [1 | x [Honovoensbi:deosomR 
Px Px [+ | x [x | x [oisabisatoupuietianinpesence 


TABLE 5. DMA MODE 1/0 TRUTH TABLE (SMODE = V+, CS = WR = RD = DG) 


X = don't care 


Optimizing System Performance 


The HI-7153 has three ground pins (AG, DG, GND) for 
improved system accuracy. Proper grounding and 
bypassing is illustrated in Figure 3. The AG pin is a ground 
pin and is used internally as a reference ground. The 
reference input and analog input should be referenced to 
the analog ground (AG) pin. The digital inputs and outputs 
should be referenced to the digital ground (DG) pin. The 
GND pin is a return point for the supply current of the 
comparator array. The comparator array is designed such 
that this current is approximately constant at all times and 
does not vary with input voltage. By virtue of the switched 
capacitor nature of the comparators, it is necessary to hold 
GND firmly at zero volts at all times. Therefore, the system 
ground star connection should be located as close to this 
pin as possible. 


Selects mux channel. Address data is latched on falling 
edge of ALE. Latch is transparent when ALE is high. 


oe ee Enables DO - D9 & OVR. 
| 0 | 0 | X |lowbyteenabie:Do-D7 
| o | 1 | x |[Highbytecnable:Ds-povAR 


As in any analog system, good supply bypassing is 
necessary in order to achieve optimum system 
performance. The power supplies should be bypassed with 
at least a 20yF tantalum and a 0.1yF ceramic capacitor to 
GND. The reference input should be bypassed with a 0.1yF 
ceramic capacitor to AG. The capacitor leads should be as 
short as possible. 


The pins on the HI-7153 are arranged such that the analog 
pins are well isolated from the digital pins. In spite of this 
arrangement, there is always some pin-to-pin coupling. 
Therefore the analog inputs to the device should not be 
driven from very high output impedance sources. PC board 
layout should screen the analog and reference inputs with 
guard rings on both sides of the PC board, connected to 
AG. Using a solder mask is good practice and helps reduce 
leakage due to moisture contamination on the PC board. 
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FIGURE 3. GROUND AND POWER SUPPLY DECOUPLING 


16-24 


2OV 
mee 


+5V 
P.S. 


HI-7153 


Applications 


Figure 4 illustrates an application where the HI-7153 is 
used to form a_— multi-channel data acquisition 
system. Either slow memory or fast memory modes of 
operation can be selected. Fast memory mode should be 


selected for maximum throughput. The output data is . 


configured for 16 bit bus operation in these applications. By 
tying BUS to DG _ and: connecting the HBE 
input to the system address decoder, the output data can be 
configured for 8-bit bus systems. — 
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FIGURE 4. MULTI-CHANNEL DATA ACQUISITION SYSTEM 
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